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Conversion Factors, Datums, and Abbreviated Water-Quality
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Multiply By To obtain
Length
meter (m) 3.281 foot (ft)
micrometer (um) 0.000003281 foot (ft)
kilometer (km) 0.6214 mile (mi)
Area
square kilometer (km2) 247.1 acre
Volume
milliliter (mL) 0.000264 gallon (gal)
Flow rate
milliliter per minute (mL/min) 0.000264 gallon per minute (gal/min)
liter per second (L/s) 0.03534 cubic foot per second (ft®/sec)
Mass flow
kilogram per day (kg/day) 2.205 pound avoirdupois per day (Ib/day)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8x°C)+32.

Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NAVD 88). Altitude, as used in this report, refers to distance above the vertical datum. Hori-
zontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Universal Transverse Mercator locations are given in easting and northing, in meters, for zone

12 North.

Specific conductance is reported in microsiemens per centimeter at 25 degrees Celsius (US/cm
at 25°C). Concentrations of chemical constituentsin water are reported either in milligrams per
liter (mg/L), micrograms per liter (ug/L), or millimoles per liter (mM/L).
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Principal Locations of Major-lon, Trace-Element, Nitrate,
and Escherichia coli Loading to Emigration Creek, Salt Lake

County, Utah, October 2005

By Briant A. Kimball, Robert L. Runkel, and Katherine Walton-Day

Abstract

Housing development and recreational activity in
Emigration Canyon have increased substantially since 1980,
perhaps causing an observed decrease in water quality of
this northern Utah stream located near Salt Lake City. To
identify reaches of the stream that contribute to water-quality
degradation, atracer-injection and synoptic-sampling study
was done to quantify mass loading of major ions, trace
elements, nitrate, and Escherichia coli (E. coli) to the stream.
The resulting mass-loading profiles for major ions and trace
elementsindicate both geologic and anthropogenic inputs
to the stream, principally from tributary and spring inflows
to the stream at Brigham Fork, Burr Fork, Wagner Spring,
Emigration Tunnel Spring, Blacksmith Hollow, and Killyon
Canyon. The pattern of nitrate loading does not correspond
to the major-ion and trace-element loading patterns. Nitrate
levelsin the stream did not exceed water-quality standards at
the time of synoptic sampling. The majority of nitrate mass
loading can be considered related to anthropogenic input,
based on the field settings and trends in stable isotope ratios
of nitrogen. The pattern of E. coli loading does not correspond
to the mgjor-ion, trace-element, or nitrate loading patterns.
The mgjority of E. coli loading was related to anthropogenic
sources based on field setting, but a considerable part of
the loading also comes from possible animal sourcesin
Killyon Canyon, in Perkins Flat, and in Rotary Park. In this
late summer sampling, E. coli concentrations only exceeded
water-quality standardsin limited sections of the study reach.
The mass-loading approach used in this study provides a
means to design future studies and to evaluate the loading on a
catchment scale.

Introduction

Over aperiod of severa decades, Emigration Canyon,
near Salt Lake City, Utah, has been developed as aresidential
area. Since 1980, the population in the canyon has doubled
(Jensen and others, 2003). More than 440 out of 1,136

registered building lots have been developed. Despite this
development, the canyon remains without a sewer system, and
wastewater is disposed into septic systems. To identify reaches
of the stream that may contribute to water-quality degradation,
the U.S. Geological Survey, in cooperation with the Salt Lake
County Department of Public Works, Engineering Division,
conducted a tracer-injection and synoptic-sampling study with
the purpose of quantifying the mass loading of major ions,
trace elements, nitrate, and Escherichia coli (E. coli) to the
stream. Tracer-injection studies have been used to provide a
watershed context for the quantification of metal loads from
abandoned and inactive mines (Kimball and others, 2002), but
these methods can be applied to other constituent loads like
those of nitrate and E. coli.

Some limited water-quality comparisons have been
reported between Emigration Creek and Red Butte Creek
(Giddings, 2000; Willden, 2006). Concentrations of chloride,
dissolved phosphorus, and nitrate plus nitrite all were higher in
Emigration Creek than in Red Butte Creek, and concentrations
generally were higher in the lower reaches of the creek than
in the upper reaches. High counts of coliform bacteriain the
stream water of Emigration Canyon have been reported in a
Salt Lake County study (Jensen and others, 2003). Possible
sources include the septic systems throughout the canyon,
aswell as waste from livestock and pets. Temporal data
indicate that the counts of E. coli could be increasing with
continued devel opment, and thus, the water quality poses
concern for human health (Jensen and others, 2003). Basic
information must be obtained to formulate a plan to address
the water-quality concerns. Firgt, it is necessary to determine
the location and magnitude of nitrate and E. coli loading to
the creek. Second, it is necessary to distinguish whether the
high concentrations of nitrate and E. coli result from human
or animal waste. Finally, the general patterns of major-ion and
trace-element loading are needed to distinguish anthropogenic
from geologic sources of loading.
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Purpose and Scope

This report (1) determines the principal locations and
amount of loading of nitrate, E. coli, and other constituents
to Emigration Creek along the study reach under the given
conditions and season, and (2) determines and interprets the
isotopic signature of nitrogen in the stream with respect to
other studies of stable nitrogen isotopes in human and animal
waste. Mass-loading and isotopic data collected during
the spatially detailed study will provide information for
science-based decisions about improving the water quality
of Emigration Creek, for understanding the possible risk to
human health posed by input from septic systems, and for
understanding the degradation of water quality in Emigration
Creek.

Description of Study Area

Emigration Canyon is east of Salt Lake City, Utah
(fig. 1), and Emigration Creek eventually discharges to the
Jordan River, which discharges to Great Salt Lake. With
construction, conditions in the canyon can change. Thus, the
conditions present at the time of the study are described here.
Synoptic sampling began upstream from all the homes in
Killyon Canyon. This allowed samples to reflect the upstream
conditions and to include discharge from Burr Fork, the
first major tributary. New homes are located throughout the
canyon, but the majority of new housing developments are
situated on the north side of the canyon between Brigham Fork
and Pioneer Fork (fig. 2a). This area mostly drains to Brigham
Fork, Freeze Creek, and Pioneer Fork. Some new homes
also have been built to the south of Emigration Creek in the
vicinity of Perkins Flat. Along most of the stream, homes are
relatively old (fig. 2b), although newer homes have been built
among the older homes (fig. 2c). Perkins Flat (fig. 2e) is an
area that has been preserved as green space. At the lower end
of Perkins Flat is the development of Camp Kostopolos, which
contains horse stables. Most of the homes downstream from
Rattlesnake Point to near Rattlesnake Hollow are relatively
old. At the time of the study, a reservoir in Rotary Park was
drained (fig. 2d). On the day of synoptic sampling, heavy
equipment was being used in that area and large amounts
of sediment were being added to the stream. Because this
affected the concentrations of almost all constituents, the
samples collected from 10,910 to 11,174 m are not included in
the discussion of this study.
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Methods and Approach

The mass-loading approach used here addresses the
problem of solute source determination (Kimball and others,
2002). The approach is based on two well-established
techniques: the tracer-dilution method (Kilpatrick and Cobb,
1985) and synoptic sampling (Bencala and McKnight, 1987).
The tracer-dilution method provides estimates of stream
discharge that are in turn used to quantify the amount of
water entering the stream in a given stream segment through
tributary and ground-water inflow. Synoptic sampling of
stream and inflow chemistry provides a spatially detailed
‘snapshot’ of water quality in the stream and the inflows that
influence changes in the stream. When used together, these
techniques provide a description of a watershed that includes
both discharge and concentration that may then be used to
determine mass loading of chemical constituents and E. coli
associated with various sources of surface and ground water.
The resulting longitudinal loading profiles can help distinguish
anthropogenic contributions to Emigration Creek.

This study was undertaken during low-flow conditions
in October 2005 because low-flow conditions provide the best
opportunity to detect small contributions of ground water to
the stream. These potential ground-water contributions most
likely vary throughout the day as domestic water use varies.
The amount of constituent loading from this study may not
represent a load that can be used to engineer a remediation
solution, but the pattern of loading should help guide further
investigation. Typically, the entire study reach is evaluated to
identify all the inflows and to choose stream sampling sites
to bracket the inflows, enabling mass-balance calculations.
Because of thick vegetation and problems with access to
private property in a heavily populated area, the entire study
reach in Emigration Canyon was not available for sampling.
In the sections that were not available, stream sampling sites
were located about 160 m apart at locations that had access
from the road. This design resulted in fewer inflow samples
than are normally collected for a synoptic sampling such that
the study must rely on instream changes to evaluate the effects
of inflows.

A downstream metric, with the injection point being
0 m, provided an ordinate for the study and for future
computer simulation studies that might be conducted to better
understand loading and geochemical reactions (Kimball and
others, 2003; Runkel and Kimball, 2002; Runkel and others,
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2007). Downstream distances were determined marking
detailed waypoints to represent the path of the stream by
using a handheld receiver using the Global Positioning
System and summing the point-to-point Euclidian distances.
This procedure involved many more waypoints than just the
sampling site locations. Each stream sampling site represents
the downstream end of a stream segment, and the stream
segments divide the watershed into increments to account for
changes in loads. At this level of spatial detail, changes in
stream chemistry and discharge between stream sampling sites
reflect a net change in load for each segment. Specific sources
that are responsible for the loading within specific stream

segments, however, cannot always be identified at this stream
reach scale.

Location of sampling sites along the study reach in Emigration Creek, Utah.

Tracer Injections and Stream Discharge

Tracer-injection methods have been used in numerous
catchments throughout the Rocky Mountain region, and the
tracer-injection and discharge methods used in this study are
the same as those described in the report for Questa, New Mex-
ico (Kimball and others, 2006). Sodium bromide was injected
as the tracer 375 m upstream from Burr Fork (fig. 1). The
injection began at 12:40 on October 10, 2005, but the injection
pump stopped at 19:22 that evening. The pump was restarted at
8:23 on October 11, 2006, and functioned well throughout the
remaining injection period. Samples of the injectate solution

were collected several times throughout the injection period to
measure the injection rate and injectate concentration. These
samples indicated a reasonably uniform mass flux of sodium
bromide to the stream, with the median injection rate of 90 mL/
min and the median injectate concentration of 174,850 mg/L as
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Figure 2. Photographs of settings along Emigration Creek in northern Utah showing (a) new home construction in the upper reaches of Brigham
Fork, (b) old home along the stream, (c) new construction near the stream, (d) drained reservoir area where construction activity on the day of
synoptic sampling affected samples, and (e) Perkins Flat area.
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Figure 3.  Variation of bromide concentration with time at transport sites,

Canyon, Utah. The spike in bromide concentration at A represents the arrival of a
slug injection at site T4. Increase of bromide concentration at site T4 (point B) may be
from longer flow paths of ground water. Point C may represent the tail of the spike in

bromide concentration at A.

bromide. The variation of bromide in the stream with time was
followed at four “transport” sites along the study reach (fig.
3). This temporal view only shows the tracer concentration
history for the period after the pumps were started the second
time. For the T4 site, the bromide concentration had not gone
back down to background levels before the increase started
again (fig. 3). Vertical lines indicate the period of synoptic
sampling, and the bromide concentration of the corresponding
synoptic samples at each transport site also are indicated. A
plateau condition of bromide had been achieved at transport
sites T1 and T2 and was achieved by the latter part of synop-
tic sampling at T3 (fig. 3). Bromide concentration at site T4
clearly had not reached a plateau.

10/17/05

calculations.

Discharge was estimated by using an area-
velocity measurement at 4,007 m, which was
considered the best of those measurements made
during the synoptic sampling. From 4,007 to 5,112
m, discharge was calculated by using the dilution
of the bromide tracer according to the equation:

C,— €
Qs =Qs C, —C, D
1 Wwhere Qg isthe downstream discharge, in L/s,
Q, Iisthe upstream discharge from the
measurement, in L/s,
i A C, Iisthe upstream tracer concentration,
:00 12:00 00:00 in mg/L,
Emigration C, isthe inflow tracer concentration, in
mg/L, and
C, is the downstream tracer

concentration, in mg/L.

For stream sites from 0 to 4,007 m, discharge was calculated
by using bromide concentrations and rearranging equation 1 to
solve for Q, at each successive site upstream from 4,007 m.
Downstream from the transport site T3 (6,605 m),
discharge was adjusted to measured values because the
tracer had not reached plateau concentration. Discharge was
interpolated between the measured values. Thus, discharge
values downstream from site T3 have greater uncertainty and
the loads calculated for those sites are more qualitative than
quantitative. The load profiles downstream from site T3 are
still valuable for indicating trends. The variation of calculated
discharge along the study reach is indicated in figure 4.

To account for the lack of a plateau, a
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Variation of bromide concentration and estimated discharge with distance
study reach, Emigration Creek, Utah, October 12, 2005.
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Discharge of inflows was assigned as the difference in
discharge between the downstream and upstream stream sites
around the particular inflow:

Q=Q—Q, 2

where  Q, istheinflow discharge, in L/s, and
Qg and Q,, are defined in equation 1.

Dilution by an inflow can arise in several ways. If no visible
inflow occurs in a stream segment, the change in stream
discharge comes from dispersed, subsurface inflow. If a
tributary inflow occurs, the change includes both the surface-
water tributary inflow and any dispersed, subsurface inflow
that is associated with the tributary or with other sources

of subsurface inflow. Individual measurements of tributary
surface-water inflow were not made.

Additional information on the application of tracer-
dilution for mass-loading studies is published elsewhere
(Kimball and others, 2002; Kimball and others, 2000). At
higher concentrations than were used in this study, bromide
has been shown to be toxic (Flury and Papritz, 1993), but
no effects have been identified at these lower instream
concentrations.

Synoptic Sampling and Analytical Methods

The spatial distribution of nitrate and E. coli sources
may be characterized by synoptic sampling. Under ideal
conditions, samples at all of the sampling locations would
be collected simultaneously, providing an instantaneous
description of stream-water quality along the study reach.
Personnel limitations generally preclude simultaneous sample
collection, but samples were collected over an 8.5-hour period
to minimize the effect of transient conditions such as diurnal
discharge variations.

Stream and inflow sampling sites were chosen during
a reconnaissance of the stream reach. Stream sampling sites
defined 53 stream segments along Emigration Creek. These
segments are referenced by the upstream and downstream
distances at the beginning and end of the segment. For
example, the segment from 314 to 426 m includes the inflow
of Burr Fork at 375 m (table 1). The experiment only included
eight inflow samples, as noted, because access to inflow
sampling sites was limited by vegetation and private property.
The influence of additional inflows can only be quantified
by their influence on instream concentrations. Details of the
sampling sites are listed in table 1. Many site descriptions in
table 1 reference street addresses along Emigration Canyon
Road that are near the access points to stream sampling sites.

Although synoptic sampling typically goes from
downstream to upstream to prevent sampling of colloidal
material from the streambed, the order was reversed for
Emigration Creek for two reasons. First, access to the stream

sampling sites was mostly from the road, and so sampling did
not stir up the streambed by walking downstream. Second,

the long study reach and slow travel time along the reach
ensured that the sampling could stay ahead of any effects
from sampling at upstream sites. Inflow and stream sites that
were considered well mixed were sampled by using grab
techniques. Water temperature was measured on site, and
water samples were transported to a central location for further
processing. Samples were divided into several 125-mL bottles
with different treatments at the central processing location:

a raw (unfiltered) unacidified sample (RU), a raw acidified
sample (RA), a filtered unacidified sample (FU), and a filtered
acidified sample (FA).

Specific conductance and pH were determined from
the RU sample within hours of sample collection. In-line
0.45-pm capsule filters were used to obtain the FU and FA
samples. Metal concentrations for the RA and FA treatments
were determined by inductively coupled plasma-atomic
emission spectrometry-mass spectrometry at the University
of Southern Mississippi (Lichte and others, 1987). Anion
concentrations were determined from FU samples by using
ion chromatography (Brinton and others, 1996; Kimball and
others, 1999), and total alkalinity was determined by titration
from the FU sample at the U.S. Geological Survey Utah Water
Science Center.

Use of both filtered and unfiltered treatments provides
two operationally defined concentrations for each metal.
Metal concentration from the unfiltered sample (RA) is a
measure of the total-recoverable concentration (dissolved plus
colloidal) and the filtered concentration (FA) is an operational
measure of the dissolved metal concentration. Colloidal metal
concentrations are defined operationally for this study as the
difference between the total-recoverable (RA) and the filtered
metal concentrations (FA) for stream samples (Kimball and
others, 1995).

Constituent Loads

Mass load was calculated for each stream sampling site
along the study reach as:

M,=C,Q, (0.0864) (©))
where M, is the total constituent load, or mass flux, at
location A, in kg/day,
C A is the total-recoverable concentration at
location A, in mg/L,
Q. is the discharge at location A, in L/s, and

0.0864 is the conversion factor from mg/s to kg/day.

This sampled instream load was calculated from the total-
recoverable concentration of the constituent; dissolved

and colloidal loads were calculated individually from the
filtered and total-recoverable concentrations for metals. The
longitudinal profiles of sampled instream loads (total or



Table 1.

Characteristics of synoptic sampling sites, Emigration Creek, Utah, October 12, 2005.

Methods and Approach

7

[Distance, in meters downstream from beginning of study reach; Sample source: S, stream; RBI, right-bank inflow; LBI, left-bank inflow; Easting and Northing,

in meters; pH, in standard units; pS/cm, microsiemens per centimeter; mg/L, milligrams per liter; L/s, liters per second; NM, not measured]

Di Sample . - . . ) Conduc- Bromide Discharge
istance source Site description Easting Northing Time pH tance (mg/L) (Us)
(MS/cm)
0 S Killyon Canyon baseline upstream from 440080 4516545 9:25 8.22 254 <0.2 6.19
homes
0 S TO - Injection site at end of paved road 439986 4516128 9:35 8.39 254 <2 6.19
13:15 8.34 254 <2 6.19
133 S First site downstream from injection 439959 4516014 9:40 8.38 408 3093 6.19
314 S Upstream from Burr Fork inflow 439869 4515892  9:47 8.48 431 3064 6.25
375 RBI Burr Fork 439789 4515914 9:55 8.48 694 <.2 NM
426 S  Downstream from Burr Fork 439823 4515791 10:00 8.45 635 9.09 210
821 S  Downstream from ponds at Pinecrest B&B 439594 4515499 10:08 8.51 645 882 217
982 S  T1site - At concrete flume 439574 4515357 10:14 8.57 655 882 218
14:05 8.46 655 8.75 218
17:.08 8.52 655 859 218
1,297 S Downstream from turn to Little Mountain 439386 4515123 10:24 8.53 655 8.79 218
1,590 RBI Water supply well for home NM NM 10:40 7.17 NM 7 NM
1,606 S Upstream end of culvert for canyon road 439161 4514918 10:55 8.52 653 8.79 218
1,769 S Upstream from 5611 East 439040 4514836 11:05 8.46 648 8.79 218
1,908 S Atculverts by yellow side rail 438937 4514745 11:09 8.48 649 8.79 218
2,083 S  Downstream from 5424 East 438807 4514637 11:17 8.48 637 8.79 218
2,288 S  Driveway bridge downstream from stone 438657 4514509 11:25 8.40 647 879 218
home
2,500 S  Atdriveway to 5220 East; upstream from 438473 4514432 11:30 8.49 649 879 218
Brigham Fork
2,655 RBI Brigham Fork 438356 4514336 11:35 8.39 809 <2 NM
2,719 S Downstream from confluence with Brigham 438325 4514281 11:40 8.35 706 759 252
Fork
3,122 S T2site - Upstream from Freeze Creek 437976 4514089 11:50 8.43 711 745 252
14:12 8.35 711 739 252
17:15 843 711 733 252
3,137 RBI Freeze Creek 437927 4514111 11:55 8.23 1,403 2 NM
3,250 S  Downstream from Freeze Creek 437906 4514009 12:08 8.43 725 724 264
12:10 8.44 725 724 26.4
3,518 S  Downstream from Maple Grove; upstream 437660 4513925 12:22 8.24 828 6.47 29.6
from driveway culvert at 4444 East
3,781 S At condemed house at 4422 East 437412 4513862 12:30 8.33 836 6.33 30.2
4,007 S  Dirt road across stream at 4301 East 437209 4513777 12:37 8.38 847 6.16 31.1
4,189 S  Downstream from 4231 East 437064 4513669 12:43 8.36 869 6.16 31.1
4,385 S Sampled near pipeline marker “170” at road 436870 4513652 12:50 8.40 866 595 322
4,614 S Downstream from culvert across from 3988 436643 4513641 12:56 8.46 878 584 328
East
4,805 S Upstream from bridge at 3843 East 436472 4513573 13:.00 8.41 906 569 33.6
4,820 LBl Discharge from Blacksmith Hollow 436316 4513503 13:10 8.38 561 <.2 NM
5,112 S Downstream from Blacksmith Hollow and 436212 4513458 13:20 8.19 962 529 36.2
3690 East driveway
5,409 S  Upstream from road to houses 435940 4513439 13:28 8.24 967 502 36.2
5,554 S  Atvacant lot between houses, upstream from 435807 4513408 13:37 8.10 974  4.65 36.2
3350 East
5,852 S Away from road between houses 435563 4513284 13:48 8.24 995 438 36.2
6,136 S  Downstream from Pioneer Gulch 435335 4513166 13:58 8.28 993 430 36.2
6,274 S At fault upstream from Perkins Flat 435208 4513114 14:04 8.14 1,109 3.87 36.9
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Table 1. Characteristics of synoptic sampling sites, Emigration Creek, Utah, October 12, 2005.—Continued.
n - . .
Distance izTrch Site description Easting Northing Time pH C?andcuec B‘(l;])gw/:_d)e Dls(clz_f;:)rge
(uS/cm)
6,449 S Into middle meadow upstream from marsh 435037 4513076 14:13 8.10 1,133 3.74 379
area
6,605 S T3site - Upstream from thick cattails in 434895 4513019 11:08 8.22 1,134 3.27 3838
Perkins Flat
14:20 8.18 1,134 3.63 3838
17:22 829 1,134 359 3838
6,794 S  Downstream from marsh area in Perkins Flat 434720 4512958 14:30 8.18 1,149 3.62 38.8
6,939 S Upstream end of culvert at road to housing 434577 4512937 14:40 8.19 1,152 3.53 3838
development
7,119 S  Downstream from culvert and bridge 434410 4512933 14:50 8.27 1,153 3.00 388
7,284 S  Downstream from culvert at upstream 434264 4513002 14:58 8.29 1,152 3.00 388
entrance to Camp Kostopolis
7,464 S Under walking bridge to Camp Kostopolis 434114 4512910 15:07 8.33 1,148 3.00 3838
7,651 S Downstream from Camp Kostopolis 434082 4512732 15:13 8.36 1,122 3.21 388
15:15 8.39 1,122 321 3838
7,931 S Downstream from Ruth’s Dinner 434134 4512483 15:22 8.41 1,113 3.09 388
8,092 S Atlower end of 1960 East property 434006 4512409 15:32 8.46 1,111 3.00 38.8
8,440 S  Downstream from bridge to 1720 East 433697 4512360 15:42 8.45 1,098 298 36.1
8,663 S  Downstream from 1620 East 433514 4512243 15:49 8.45 1,092 296 344
8,904 S  Atdownstream end of guard rail upstream 433314 4512112 15:58 8.39 1,082 3.02 326
from 1522 East
9,065 S Near west end of Sunnydale Lane 433238 4512000 16:13 8.44 1,073 3.01 314
9,298 S Near road west of “Cabin safety” sign on 433052 4511899 16:23 8.28 1,060 299 296
north side of road
9,563 S Down from “Warning” sign on thick wood 432910 4511683 16:32 8.23 1,044 289 258
post along concrete guard rail
9,772 S Across road from vertically dipping strata - 432755 4511605 16:40 8.22 1,035 289 228
nice ripple marks
10,024 S Down from “pipeline” warning signs on south 432544 4511558 16:48 8.26 1,020 286 19.2
of road
10,160 S Stream at cased spring; upstream from Donner 432426 4511494 16:58 8.35 1,011 285 19.2
Party marker
10,175 LBI Discharge from Emigration Tunnel Spring 432418 4511483 17:00 7.52 1,022 .08 NM
10,352 S T4site - Downstream from stream reach 432265 4511501 17:08 8.35 1,015 283 244
flowing on bedrock
17:10 8.34 1,015 283 244
10,541 RBI Wagner Spring on north side of canyon road 432082 4511547 17:20 8.30 580 <.2 NM
10,626 S  Downstream from exit of long culvert 431991 4511505 17:32 8.01 938 79 317
10,633 RBI Just downstream from stream site, spring 431985 4511508 17:35 7.53 505 <.2 NM
covered with vine
10,883 LBI Discharge from sand boils near stream in 431888 4511333 17:50 7.34 1,303 .70 NM
reservoir at Rotary Park dog run
10,910 S Before entering reservoir drain 431865 4511331 17:56 8.06 946 76 39.3
11,174 S Atgage in Rotary Park 431611 4511273 18:00 8.23 938 76 46.4
dissolved plus colloidal) constitute the basic data from the AM, = (MB — MA) 4
mass-loading study.
For each stream segment, the change in load between a where  AMg  isthe changein sampled instream load from
pair of stream sites accounts for the gain or loss of constituent locations A to B, in kg/day,
Ioad_for that segment. The chgnge in Ioaq for t_he segment M, is the constituent load at location B, in kg/
starting at location A and ending at location B is: day, and
M is defined in equation 3.



Gains in constituent load (AMy is greater than zero) imply that
there is a source that contributes to the stream between the
two stream sites. However, there could be instream processes
that reduce the net gain; thus, the measured change may
not indicate the total magnitude of the load that enters in a
particular stream segment. Instream load also can decrease
within a stream segment (AMy is less than zero), meaning that
there is a net loss of the constituent as a result of physical,
chemical, or biological processes. A net loss does not preclude
the presence of a source of loading for a particular stream
segment, but it does preclude quantifying the magnitude of
that source. The sum of all the increases in load between
sampling sites along the study reach (positive values of AMS)
is the cumulative instream load. At the end of the study reach,
the cumulative instream load is the best estimate of the total
load added to the stream but is likely a minimum estimate
because it only measures the net loading between sites and
does not account for metal loads added to and then lost from
the water column within individual stream segments.
Although few inflows were sampled in this study, the
loads they represent can be evaluated by calculation of an
inflow load:

AM, =C, (QB - QA)(0.0864) (5)
where AM, is the load attributed to the inflow, I, in kg/
day,
C, is the inflow concentration, in mg/L, and

Qg Q,, and 0.0864 are defined in equations 1 and 3.

This calculated inflow load assumes that the actual volume-
weighted inflow concentration is adequately represented by
the sampled inflow concentration. The inflow load, however,
often varies from the calculated value of AM for the stream
segment containing the inflow. If AMy is greater than AM, an
unsampled inflow load is calculated:

AM, = AMg — AM, (6)
where  AM,; isunsampled inflow load, in kg/day, and
AMq and AM, are defined in equations 4 and 5.

In considering estimates of stream discharge and metal
concentration at each stream site, it is possible to predict an
error for the change in load along a stream segment. The error
is determined by the precision of both discharge and chemical
measurements (Taylor, 1997), according to the equation
(McKinnon, 2002):

Load error = (,/QfAC;% C;fAQ:)(0.0864) @)

where AC, isthe concentration error at site A, in mg/L,
AQ, isthedischarge error at site A, in L/s, and

Q. C,, and 0.0864 are defined in equation 3.

Field-Scale Experiment 9

The value of AC, is based on the single operator precision
(Friedman and Erdmann, 1982), calculated from repeated
analysis of reference samples collected at transport sites to
cover the range in concentration. The value of AQ, is based on
the variation of the tracer concentration at the transport sites,
where hourly samples were collected during the period of
synoptic sampling. This results in an estimate of variation as a
function of discharge so that a value can be calculated for each
stream site. Load error is calculated for the upstream sampling
site of each stream segment and compared to the change in
load for the stream segment, AM. If the absolute value of AM
is greater than the load error, then there has been a significant
change in load. Only the values of AM that are greater than
the load error are included in the longitudinal profiles of
cumulative instream load.

Cluster Analysis

An important objective of synoptic sampling is to
recognize patterns or chemical characteristics among samples
that can indicate the various sources of solutes. As water
interacts with different mineral assemblages or is affected
by domestic uses, it obtains a distinct chemical signature.

A method of cluster analysis called partitioning around
medoids was used to evaluate distinctions among the samples
(Kaufman and Rousseeuw, 1990). The method operates on a
dissimilarity index by choosing the number of representative
objects (medoids) specified by the user. Then the Euclidian
distance between samples is used as a measure of similarity,
and each sample is assigned to the cluster of the nearest
medoid. Selection of the number of groups for inflows and
stream sites was guided by the ability to explain a grouping
in terms of geologic, hydrologic, or geochemical information.
Clusters that represented small portions of the total variance
and that could not be explained in relatively simple physical or
chemical terms were not included.

Concentrations were standardized for the cluster analysis
to give an equal weighting to major and trace elements.

The differences between dissolved and total-recoverable
concentrations were small for most constituents (see
“Chemical Characterization of Synoptic Samples” section of
this report); therefore, dissolved concentrations were used in
the cluster analysis. Too few inflow samples were collected to
allow a meaningful analysis of inflows, so the cluster analysis
was done only for stream samples.

Field-Scale Experiment

The field-scale experiment provided estimates of
discharge, a chemical characterization of the stream and
a limited number of inflows, loading profiles for many
constituents, and an indication of changes in nitrogen isotopes.
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Discharge

The hydrologic setting of the field experiment is
established by using a tracer injection to estimate a detailed
spatial profile of stream discharge. During the study, discharge
increased along Emigration Creek from 6.2 L/s at the injection
site to a maximum of 46 L/s at the end of the study reach (fig.
4). Along the first 8,092 m of the study reach, Emigration
Creek displayed the characteristics of a typical gaining stream.
Four tributaries discharged to Emigration Creek along this
section. Burr Fork added 15 L/s, Brigham Fork added 3.4 L/s,
Freeze Creek added 1.2 L/s, and Blacksmith Hollow added 2.5
L/s. The area at Maple Grove added 3.1 L/s and the area near
the fault in Perkins Flat (fig. 1) added 2.6 L/s, but there was no
visible inflow to the stream. Although tracer-dilution methods
do not allow the quantification of decreases in discharge with
only one injection site, the area-velocity measurements clearly
indicated that discharge decreased from 39 L/s at 8,092 m to
19 L/s at 10,024 m (fig. 4). The loss of 20 L/s corresponds to
the downstream geologic change from the Preuss Sandstone
to the Twin Creek Limestone (Bryant, 1990). The limestone
is highly fractured, suggesting that water could be moving
into the formation. Downstream from 10,024 m there was
a substantial gain in discharge. In the segment containing
the Emigration Tunnel Spring, from 10,160 to 10,352 m,
discharge increased by 5.1 L/s. Although most of the water
from the Emigration Tunnel Spring is piped to the Salt Lake
City water supply, a pipe at 10,175 m discharges excess
water from the tunnel to the stream. From 10,352 to 10,626
m, Emigration Creek flows through a culvert. Discharge
increased by 7.3 L/s in that segment. Wagner Spring, at 10,541
m, which is cased on the north side of the road and piped to
the stream, is the likely source of that increase. Discharge
increased by 7.6 L/s downstream from the culvert where two
unnamed springs were sampled, and discharge increased by
7.1 L/s in the last stream segment. Samples were collected at
the T4 site (10,352 m) for an extra 4 days (fig. 3). Although
these gains in discharge from 10,160 m to the end of the study
reach occurred, the values of discharge are less quantitative
than values upstream from 8,092 m.

Chemical Characterization of Synoptic Samples

Results of chemical analyses for all of the synoptic
samples are listed for major ions (table 2, at back of report)
and for trace elements (table 3, at back of report). For stream
samples the data include the analysis for the filtered samples
(FA and FU) and the total-recoverable sample (RA). For some
inflow samples only the FA treatment was analyzed because
the RA treatment may have been contaminated with mud
during sample collection. Inflow samples with both FA and
RA concentrations generally were free flowing to the stream,
and not bailed from pits. Colloidal concentrations that are
plotted in figures and used in the loading calculations were
calculated for stream samples from the difference between

the RA and the FA concentrations. The FA concentration was
greater than the RA concentration for some samples, but the
two concentrations always were within analytical precision.
When this occurred, the FA concentration was used for both
the filtered and total-recoverable concentrations and the
colloidal concentration was considered less than detection.
Precision and method detection limits (MDL) are
provided in table 4. Variation from sampling and chemical
analysis must be sufficiently low to allow the observation
of environmental change. Both analytical and sampling
variability are included in the coefficient of variation in this
report (Davis, 2002). Stream standard reference samples and
sampling replicates were collected at the transport sites along
the study reach (locations provided in table 1). These samples,
along with certified standard reference samples, represented
the range of concentrations for each constituent and were
analyzed at regular intervals throughout the analytical work
(Kimball and others, 1999). For each stream and certified
reference sample, both the mean and the coefficient of
variation (CV) were calculated for each constituent, and
all the values were combined to calculate a power equation
expressing CV as a function of the mean concentration. This
is similar to the single operator precision of Friedman and
Erdman (1982) but also includes the sampling variability.
Thus, for an individual sample, precision is calculated by
using the power equation:

CV=ach )

where CV is precision calculated as the coefficient of
variation for a reference sample,

is the empirical coefficient from regression,
b is the empirical exponent from regression, and

C, Iisthe sample concentration, in mg/L.

This form for the calculation fits the data better than a linear
regression because, in general, the CV increases at lower
concentrations in a non-linear pattern. This power equation
was used to calculate the AC term in the load error calculation
(see equation 8), where AC was the indicated percentage of the
measured concentration for the given sample.

Major lons

Synoptic sampling along Emigration Creek provided
detailed spatial information about chemical changes in the
stream that were classified into six groups. The groups
generally followed an upstream to downstream sequence (fig.
5). The samples farthest upstream in Killyon Canyon were
a calcium bicarbonate type water (fig. 5a and b), which is
typical of water influenced by the weathering of limestone
and sandstone that crop out in the headwaters (Bryant, 1990).
Concentrations of most constituents were relatively low
among the four samples of this group (table 5). A change
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chloride is present (fig. 5c). A possible

Table 4. Precision and method detection limits for chemical analyses. cause could be the addition of chloride

[Coefficient and Exponent, for power equation giving the coefficient of variation; Units: mg/L, salts of calcium and magnesium, which
milligrams per liter; MPN/100 mL, count per 100 milliliters; pg/L, micrograms per liter; NC, also are used for melting snow, both at
not cal culated] homes and for road maintenance during the
Method winter. Concentrations of most constituents
Constituent Unit Coefficient Exponent detection progressively increased from Burr Fork to
it Blacksmith Hollow, similar to the increases
Calcium mg/L 2.1265 -0.0777 0.431 shown for calcium and alkalinity (group 2;
Magnesium mg/L 1.6681 .0415 .025 fig. 5). The trend of increasing concentration
Sodium mg/L 0001 1.1435 194 continued for major ions in samples from
Potassium — 3.6002 1914 o1 Blacksmith Hollow to Perkins Flat (grgup 3;
table 5), but those samples were sufficiently
Alkalinity mg/L 10.325 -1423 1 distinct to be grouped separately. Most
Sulfate mg/L 0.0000 10.363 150 constituents reached a peak concentration
Chloride mg/L 21.874 -.8525 NC downstream from where a fault crosses the
. stream near Perkins Flat (fig. 1). Stream
Bromide mg/L 4.20 0 2 samples collected from the area of the fault
Silica mg/L 2.7082 --3983 049 in Perkins Flat to Rattlesnake Hollow were
Nitrate mg/L .2022 1.3009 .01 chemically similar, making up a separate
E. coli MPN/100 mL 0500 0 NC group (table 5). In the vicinity of Rattlesnake
. Hollow, concentrations of calcium and
Aluminum hg/L 0564 -1.1279 154 alkalinity decreased, but the concentration of
Arsenic Ho/L NC NC 030 most constituents remained nearly constant
Barium ug/L 1.0377 .0557 .058 (fig. 5a and b). One cause of this decrease
Cadmium ug/L NC NC 019 could k;)e (tjhe r;]r_e(;]ipit_at:]or;) off calcitg to trr\]e
streambed, which might be favored as the
Cobalt hglL NC NC 006 stream entered this area where the Twin
Chromium Ho/L 3.0914 -1740 .007 Creek Limestone crops out. Calculations
Copper pg/L 4.3850 -.4419 .055 using WATEQ4F (Ball and Nordstrom,
Iron ug/L 140.87 -1.0259 1.48 1991) indicate thatdsarlnpleshof stream w:ter
were supersaturated along the entire stu
Lead hglL NC NC 005 reach w[i)th respect to the ?:alcite equilibriL}:m
Lithium Ho/L 2.3737 0015 143 constant used in WATEQA4F. In this section
Manganese pg/L 1.0251 -.2214 1.35 where concentrations of calcium and
Molybdenum  pg/L NC NC 177 alkalinity_ decreased, the sf[ate of saturation
Nickdl uglL NG NG 023 was relatlvel_y greatgr, whlc_h _vvo_uld be
' consistent with calcite precipitation.
Silver Ho/L NC NC 022 Finally, the chemical character of stream
Strontium Ho/L 1.1765 .0746 135 water changed substantially downstream
Uranium Lg/L NC NC 002 frpm the culvert fron_1 10,352 to _10,626 m
Vanadium uglL NG NG 002 (fig. Sd). Concentrations of caIC|_um and
' sulfate increased, but concentrations of
Zinc Hg/L NC NC 185 sodium, chloride, and silica decreased. Each
of these changes near the end of the study
reach closely reflects the chemistry of four
occurred as Burr Fork contributed magnesium, sodium, inflows. Among these four springs, the Emigration Tunnel
chloride (fig. 5¢), and sulfate (fig. 5d), and this group of Spring (10,175 m) and an unnamed spring at 10,883 m, within
samples continued downstream to Blacksmith Hollow. The the drained reservoir of Rotary Park, were on the south side of
sodium to chloride mole ratio almost went to a value of 1 the canyon and were similar. Wagner Spring and an unnamed
(fig. 5¢), indicating a common source of those constituents. spring at 10,633 m were on the north side of the canyon and
No geologic source of sodium chloride is present in the were similar to each other, but different from the springs on
canyon, but halite is used to melt snow on the roads during the south side of the stream (fig. 5).
the winter and could be a likely source. The ratio of sodium The pattern of sulfate concentration differed from that
to chloride gradually decreased to less than 1 downstream of all the other major ions. Sulfate concentration increased

from Freeze Creek, indicating that an additional source of downstream from Burr Fork, but then remained essentially
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Figure 5. Variation of (a) calcium and (b) alkalinity concentration, (c) sodium to chloride mole ratio, and (d) sulfate concentration with distance along

the study reach, Emigration Creek, Utah, October 12, 2005.

constant along the entire study reach as far as the inflows
starting at Emigration Tunnel Spring (fig. 5d). Concentrations
of other major ions varied along the study reach in response
to inflow concentrations. For sulfate concentration to remain
constant, all the inflows, not just the sampled inflows, had

to have essentially the same sulfate concentration. Such an
atypical situation could be the result of the particular geology
along Emigration Creek because the stream lies almost at

the axis of a syncline. This makes the geology similar for
streams draining both the north and south sides of Emigration
Canyon (Bryant, 1990). Sulfate concentrations from Killyon
Canyon and Burr Fork differ and there are different geologic

formations in the Killyon Canyon drainage (Bryant, 1990). In
summary, sulfate, like most of the major ions, is principally
influenced by weathering of the bedrock geology. Among the
major ions, only sodium and chloride concentrations appear to
have an anthropogenic source from road salt.

Trace Elements

Analysis of trace-element concentrations in synoptic
samples was done to provide indications of domestic
water inflow to Emigration Creek. Most trace-element
concentrations had the same general pattern as calcium,



magnesium, and sodium (fig. 5), but a few notable exceptions
occurred. Patterns of some trace-element concentrations
cannot be explained by geologic sources, but instead are a
result of anthropogenic influence. None of the trace-element
concentrations measured in Emigration Creek (table 3)
exceed water-quality standards, but they are very useful for
interpretation because of their indications of domestic water
use.

Three patterns of trace-element concentration are
indicated by the variation of lithium, strontium, manganese,
and chromium along the study reach. Patterns of lithium (fig.
6a) and strontium (fig. 6b) are similar to patterns of most
of the major ions. Lithium, however, has no likely geologic
source in Emigration Canyon and probably results from its
use in lubricants, alloys, batteries, and possibly medication
(Winter, 1993). In the Boulder Creek watershed of the
Colorado front range, lithium was identified as an indicator
of anthropogenic input, possibly related to the medicinal

Field-Scale Experiment 13

uses of lithium carbonate (Barber and others, 2006). Lithium
concentration doubled in the stream reach beginning one site
upstream from Brigham Fork to Blacksmith Hollow (fig. 6a),
indicating input from anthropogenic sources. This increase
corresponds to a substantial increase in discharge (fig. 4).
Strontium, unlike lithium, does have a natural source from
the weathering of limestone, and the variation of strontium
indicates a non-anthropogenic pattern (fig. 6b). The substantial
increase in strontium concentration in the area of the fault in
Perkins Flat is similar to the increase in alkalinity (fig. 5b)
and suggests that water entering the stream from the fault
likely contains products resulting from weathering, rather than
products resulting from anthropogenic input.

Concentrations of manganese (fig. 6¢) and chromium
(fig. 6d) represent completely different patterns. Manganese
concentration had maxima along the study reach at 982, 5,112,
6,939, and 10,910 m. Iron concentration had the same pattern
suggesting a common source, but the exact source is not

Table 5. Median filtered concentrations of constituents in stream and inflow groups defined by cluster analysis, Emigration Creek, Utah.

[mg/L, milligrams per liter; pg/L, micrograms per liter; <, less than]

Group
Canyon Hollow Perkins Flat to Rattlesnake Emigration Emigration

Hollow Tunnel Tunnel
Number of samples 4 23 12 9 9 3 9
Calcium, in mg/L 815 90.7 114 118 100 113 103
Magnesium, in mg/L 115 19.2 255 26.8 271 27.8 274
Sodium, in mg/L 194 49.4 83.4 85.0 85.6 57.2 37.2
Alkalinity as CaCO,, in mg/L 238 257 272 291 245 251 270
Sulfate, in mg/L 214 55.0 55.1 55.1 55.0 104 714
Chloride, in mg/L 137 63.0 159 165 163 114 60.1
Silicaas SIO,, in mg/L 121 12.0 154 15.6 15.3 14.6 15.6
Aluminum, in ug/L 115 14.2 14.7 155 14.9 18.8 134
Arsenic, in pug/L .585 .73 .93 .97 .89 77 .65
Barium, in pg/L 66.7 86.8 151 160 150 97.1 82.3
Cadmium, in pg/L <.019 <.019 <.019 <.019 <.019 <.019 <.019
Chromium, in pg/L .03 .16 .10 .10 .28 .25 19
Cobalt, in pg/L .02 .04 .06 .07 .05 54 .04
Copper, in pg/L .26 48 .59 .58 .58 27 .30
Iron, in pg/L 10.2 11.3 14.3 24.5 8.58 9.4 10.6
Lead, in pg/L .035 .04 .04 .04 .04 .05 .04
Lithium, in pg/L 6.9 9.2 155 15.7 158 14.7 14.4
Manganese, in pg/L 7.91 5.02 741 14.6 72 83.3 2.38
Molybdenum, in pg/L .08 .29 A4 45 43 1.13 21
Nickel, in pg/L A5 .23 .33 .33 .33 34 22
Strontium, in pug/L 316 467 741 789 778 1,180 973
Uranium, in pg/L .45 .75 .97 .97 .94 a7 .83
Vanadium, in ug/L .67 .98 152 161 15 155 .93

Zinc, in pg/L 92 42 1.41 2.88 94 81 60
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clear. At the high pH of Emigration Creek, both manganese
and iron tend to be removed from the stream through the
formation and settling of colloidal solids (Kimball and others,
2001). As these solids become buried in the streambed,
reducing conditions could cause the dissolution of the solids.
The increases in iron and manganese could be from such
dissolved concentrations re-entering the stream or even from
the discharge of reduced ground water to the stream at the
particular areas suggested by the maxima of manganese
concentration in figure 6¢. The maximum of manganese
concentration downstream from the fault in Perkins Flat
(6,939 m) is near a marsh-like area. This setting would be
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consistent with the release of manganese by a reducing zone.
Relatively high manganese concentrations occurred in samples
from the inflow at 10,883 m and from the last two stream sites
at 10,910 and 11,174 m (fig. 6¢). The high concentrations at
the last two stream sites most likely are the result of reservoir
construction on the day of the synoptic sampling.

The pattern of chromium concentration differs from all
the other trace-element patterns (fig. 6d). It is characterized
by a substantial increase downstream from Burr Fork; then
a steady decline to 8,440 m, which is downstream from
Rattlesnake Point; and finally another substantial increase at
8,663 m. At both locations where chromium concentration
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Figure 6. Variation of concentration of (a) lithium, (b) strontium, (c) manganese, (d) and chromium with distance along the study reach, Emigration

Creek, Utah, October 12, 2005.



increased, the substantial increase was likely anthropogenic.
Such sources could include chrome plating, hardened steel,
oxidizing agent, or yellow paint pigment (Winter, 1993).

Nitrate, Nitrogen Isotopes, and E. coli

Nitrate concentration varied between <0.01 and 0.83
mg/L along the study reach, with the higher concentrations
occurring at three locations (fig. 7a). First, the stream sample
at 4,189 m had a value of 0.15 mg/L, but values upstream and
downstream from there were only 0.01 mg/L, which is near
the lower detection limit. Second, instream nitrate increased
to 0.08 mg/L at 6,274 and 6,449 m, which is the location of
the fault in Perkins Flat. Fault discharge would not be related

o3

1.0
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to anthropogenic sources (fig. 7b). Downstream from that
increase, nitrate concentrations gradually decreased back to
the limit of detection.

Differences in the ratios of stable isotopes of nitrogen
can result from physical, chemical, and biological processes.
These differences have been used to identify and distinguish
sources of nitrogen in catchments (Kendall, 1998). The range
of nitrogen isotope ratios (5'°N) that have been measured
in septic and animal waste, including wildlife and domestic
animals, is from -10 to 32 permil. Measurements of 3°N
from these two sources overlap, but the septic values are more
commonly from about 4 to 8 permil and the animal values are
mostly from 8 to 24 permil. Thus, values of 3*°N in the stream
may help indicate the source of the nitrate, whether from
septic or animal waste.

Seven inflow samples and 17 stream samples
were analyzed for 3*°N (fig. 7b). Because the
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analysis for 5'°N requires a nitrate concentration
of at least 0.03 mg/L as N, not all the sampling
sites were available for analysis (fig. 7a). Results
for inflow samples varied from 4.25 to 12.13
permil. Six of the inflow samples were in the range
suggested for septic values (Kendall, 1998), and
only the sample from Burr Fork (375 m) was in

the range suggested for animal waste. Results for
stream samples ranged from 6.43 to 14.12 permil,
i and only two samples collected at the end of the

§ study reach had ratios of less than 8 permil, the
upper limit suggested for septic systems. Stream
samples fall into three groups based on 3°N. A

1 first group, between Brigham Fork and Blacksmith
i Hollow, progressively increased from 12.8 to 14.12
8 permil. A second group from 5,554 to 8,663 m
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also progressively increased from 10.63 to 13.09
permil. This pattern from light to heavy isotope
ratios could result from an inflow of lighter nitrogen
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from septic systems, followed by a progressive
inflow of heavier nitrogen that could represent the
catchment background more reflective of animal
and plant nitrogen. Values also decreased in the
area from 7,651 to 8,440 m, perhaps indicating
additional anthropogenic or septic input. Thus,
the nitrogen isotopes could be consistent with the
influence of septic nitrogen, but these values do not
give definitive evidence of that influence. A more
extensive sampling that might include so called
“emerging contaminants” could be useful to verify
this pattern (Barber and others, 2006).
Concentrations of E. coli and total coliform
were obtained at the time of the synoptic sampling
by researchers from the University of Utah (fig.
8). The concentration patterns of both bacterial
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Figure 7. Variation of (a) nitrate concentration and (b) 8*° N ratio with distance

along the study reach, Emigration Creek, Utah, October 12, 2005.

1
12000  jndicators are very similar. Two locations had

concentrations of E. coli that exceeded the water-
quality standard of 200 organisms per 100 mL
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(Utah Department of Administrative Services, 2005); the area
upstream from houses in Killyon Canyon and far downstream
at 8,092 m. Willden (2006) also measured relatively high
concentrations in Killyon Canyon, but the sampling sites
in that study were too far apart to observe an increase near
8,092 m. Relatively higher E. coli concentrations occurred
downstream from Burr Fork, upstream from Freeze Creek,
near Pioneer Gulch, in Perkins Flat, and in Rotary Park (fig.
8). Three of these areas correspond to where 5'°N values
decreased, including downstream from Brigham Fork, near
Pioneer Gulch, and downstream from 7,651 to 8,440 m
(fig. 7b), and thus the relative increases in E. coli could be
consistent with the input of septic nitrogen.

Data from Willden (2006) on E. coli concentrations
include seasonal variation for the months of June through
September. All but one of the sampling sites in that study

350
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exceeded water-quality standards for E. coli. Concentrations
were substantially higher in July and August, the warmest
months, than in September. Relatively lower concentrations
might be expected from these synoptic samples in October
because of lower temperatures, fewer daylight hours, and less
hiking traffic.

Quantification of Mass Loading

Mass-loading profiles provide a framework, or
hydrologic context, to discuss the changes in the chemical
character of stream water that result from physical, chemical,
and biological processes on the catchment scale. Because the
absolute value of loading can vary over orders of magnitude
for different constituents, comparison among the solutes

and recognition of patterns is easiest using
a normalized cumulative instream load. The
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Figure 8. Variation of (a) E. coli and (b) total coliform concentration with distance

along the study reach, Emigration Creek, Utah, October 12, 2005.

detailed loading profile for calcium indicates two
different calculations of loading, the sampled
instream load and the cumulative instream load.
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Figure 9. Variation of normalized cumulative instream load with distance along
the study reach for (a) calcium, magnesium, sodium, potassium, alkalinity, chloride,
silica, and barium, (b) sulfate, chromium, copper, lithium, and strontium, and (c)
aluminum, iron, and manganese, Emigration Creek, Utah, October 12, 2005.
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In this, and subsequent loading figures for metals,
the total instream load is divided into the dissolved
and colloidal instream loads. For calcium the total is
essentially equal to the dissolved instream load (fig.
10a). Unlike the normalized cumulative instream
load in figure 9a, these instream loads indicate both
increases and decreases in loading along the study
reach. The cumulative instream load has the same
pattern as the normalized version in figure 9a, but
shows the actual load in kilograms per day.

Calcium loading principally occurred at Burr
Fork (314 to 426 m), Brigham Fork (2,500 to 2,719
m), and two stream segments downstream from the
Emigration Tunnel Spring (10,160 through 10,626
m). The relative height of the bars in figure 10b
and in subsequent figures illustrates the relative
magnitude of loading from each of the stream
segments. These last two segments indicate more
qualitative than quantitative results. Loading from
Burr and Brigham Forks likely resulted from
weathering of bedrock for the major ion constituents,
but also could reflect some septic input (see lithium
discussion below). A gradual increase in calcium
load occurred between 3,250 and 5,409 m, a reach
that includes Freeze Creek, Maple Grove, and
Blacksmith Hollow. The concentration of all of these
constituents, except magnesium, increased between
6,136 and 6,274 m in a stream segment that is near
a fault that crosses Perkins Flat (fig. 1). Discharge
from the fault might account for the increase in
load, particularly for these major ions. Although the
patterns of normalized cumulative instream load
(fig. 9a) do not indicate where load may decrease,
most of these constituents had a decrease in load
between 7,931 and 10,024 m, similar to the decrease
illustrated for calcium (fig. 10). For calcium and
alkalinity, some of this decrease likely resulted from
precipitation of carbonate minerals from the water
column, but the greatest part of the decrease was
from the loss of water along that particular reach.

The pattern of lithium load had an important
difference from that of calcium (fig. 11). The
difference was the important, gradual increase in
load in the reach from Brigham Fork to the stream
site upstream from the fault in Perkins Flat. The
gradual increase of lithium load in this section
indicates that the increase had anthropogenic
contribution because this is a reach of the stream
with many homes and because lithium has no
geologic source in the canyon. The similarity
between lithium and calcium loading at Burr Fork
and Brigham Fork also could be an indication of
anthropogenic input. For both constituents, Burr
Fork and Brigham Fork were the greatest sources of
loading (figs. 10b and 11b).
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The patterns of aluminum, iron, and manganese differed
from the patterns of other trace elements. The variation of
manganese loading illustrates the general pattern of these three
metals and indicates several locations where manganese load
substantially increased and decreased along the study reach
(fig. 12). The three greatest increases of loading occurred at
Burr Fork (314 to 426 m), Blacksmith Hollow (4,805 to 5,112
m), and in four stream segments in Perkins Flat (from 6,274
to 6,939 m). Manganese concentrations were high at 982,
5,125, and 6,939 m, but in the context of loading, the loading
in Perkins Flat (6,939 m) was substantially greater than at the
other locations (fig. 12b). Despite these distinctive increases
in load, the source of the manganese, iron, and aluminum
is not known. As noted, one possibility could be the release
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Figure 10. Variation of (a) dissolved and colloidal calcium load and
(b) change in calcium load for individual stream segments with distance
along the study reach, Emigration Creek, Utah, October 12, 2005.

of reduced ground water with higher concentrations of iron
and manganese to the stream, and this is consistent with the
Perkins Flat loading because of the marshy character of the
stream through that area. However, the reduced ground water
would not necessarily account for the loading of aluminum. A
greater portion of the manganese loading was unsampled load
rather than sampled load like some of the trace elements that
only have anthropogenic sources (fig. 12b). This observation
and the locations of loading for these elements suggest that
their loading is not related to anthropogenic sources.
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Figure 11. Variation of (a) dissolved and colloidal lithium load and (b)
change in total lithium load for individual stream segments with distance
along the study reach, Emigration Creek, Utah, October 12, 2005.
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Figure 12.  Variation of (a) dissolved and colloidal manganese load
and (b) change in manganese load for individual stream segments with
distance along the study reach, Emigration Creek, Utah, October 12,
2005.

Loading Pattern of Sulfate

The majority of trace elements had loading profiles
that were similar to that of calcium (fig. 10), but patterns
of sulfate, chromium, copper, lithium, and strontium were
distinguished from the main pattern because the greatest
loading for these constituents occurred at the end of the study
reach, downstream from 10,160 m (fig. 9b). If the increase in
loads for these downstream segments were a result of water
re-emerging after being lost upstream (fig. 4), then one would
expect the concentrations of most constituents to be similar
to stream-water concentrations between 8,092 and 10,024
m (fig. 5). On the time scale of this experiment, no bromide
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would have occurred in any of those downstream inflow
samples. But concentrations of sulfate and the trace elements
were much higher in samples from inflows at 10,175, 10,541,
and 10,633 m than in samples of stream water from 8,092 to
10,024 m (tables 2 and 3), suggesting that discharge from the
downstream inflows was not from re-emergent stream water.
The stream segment from 10,160 to 10,352 m contained
loading from the Emigration Tunnel Spring. The segment from
10,352 to 10,626 m flowed in the culvert, and discharge from
Wagner Spring (10,541 m), which is located on the north side
of the road across from the culvert, is piped into the culvert
(Jeff Nermeier, Salt Lake City Public Utilities, oral commun.,
2006). The sulfate concentration in the sample from Wagner
Spring, however, accounts for less than half of the sulfate
loading in the stream segment (fig. 13b), suggesting that there
could be additional sources of loading that discharge into the
culvert. Downstream from 10,626 m, stream samples were
affected by construction and no loading was calculated.

The loading of sulfate has characteristics of the major
ions but also illustrates the pattern for this second group of
constituents (fig. 13). Although sulfate concentration was
nearly constant along most of the study reach, the loading
profile indicated distinct locations where sulfate loading
occurred. Sulfate concentration in samples from Burr Fork,
Brigham Fork, and Freeze Creek was comparable (fig. 5d)
because all three tributaries drain the same sequence of
geologic formations along the north flank of the syncline
(Bryant, 1990). Because those inflows account for the
great majority of loading along the study reach down to the
Emigration Tunnel Spring, the sulfate concentration remained
nearly constant (fig. 5d). Sulfate load decreased between
7,931 and 10,024 m as a result of the decrease in discharge
through that reach (fig. 4), and not as a result of a chemical
or biological process because sulfate concentration did not
decrease (fig. 5b).

Loading Patterns of Nitrate and E. coli

Loading patterns for nitrate and E. coli had little in
common with the loading patterns of the major ions or trace
elements. Nitrate load increased and decreased at many
locations along the study reach, suggesting a dynamic system
for nitrate, with uptake of nitrate keeping pace with nitrate
loading (fig. 14). Nitrate load increased substantially between
4,007 and 4,189 m, but no particular source was observed
there. Between 6,136 and 6,274 m nitrate load also increased,
and this nitrate loading could be associated with the fault
in Perkins Flat, similar to loading of other elements already
noted (fig. 1). If so, this source would not be associated with
septic or animal influences. A second location with substantial
loading that has no apparent connection to septic systems is in
the segment from 10,352 to 10,626 m, within the culvert. All
the inflows that were sampled downstream from 10,160 m had
85N values that are in the range reported for septic systems,
but occur in a part of the study reach with no homes (fig. 7b).
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Figure 13. Variation of (a) sulfate load and (b) change in sulfate load
for individual stream segments with distance along the study reach,
Emigration Creek, Utah, October 12, 2005.

The pattern of loading for E. coli is notable for two
stream segments that had relatively large contributions
between 7,651 and 8,092 m (fig. 15). Downstream from 8,092
m, the E. coli load decreased to low levels that had been
present along most of the study reach. This decrease in load
is likely a result of bacterial attenuation (Willden, 2006), but
it occurs in the part of the study reach where stream discharge
decreased, making the detection of attenuation difficult. A few
locations contributed small, but measurable loads including
the segment that represents upstream sources at 0 m, the
segment with Burr Fork (314 to 426 m), the segment from
5,112 to 5,409 m near Pioneer Gulch, and the segment from
6,794 to 6,939 m within Perkins Flat. These same stream
segments correspond to the locations where substantial
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Figure 14. Variation of (a) nitrate (as N) load and (b) change in nitrate
load for individual stream segments with distance along the study reach,
Emigration Creek, Utah, October 12, 2005.

loading of aluminum, manganese, and iron occurred (fig. 12).
If manganese and iron loading represent aging septic systems,
then the correspondence could be explained as faulty systems,
but these data only point to the covariance, not to the cause.
The loading patterns of nitrate and E. coli were compared
to a map of wastewater facility status and age presented in
Jensen and others (2003). The two largest increases in nitrate
load occurred where there were no septic systems at all.
Others locations of loading were not associated with relatively
older septic systems. The greatest loading of E. coli occurred
downstream from septic systems that date from the 70s and
80s, one of which has been upgraded since then. Thus, no
clear tie to old systems is apparent for nitrate or E. coli loads.
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Figure 15. Variation of (a) E. coli load and (b) change in E. coli load
for individual stream segments with distance along the study reach,
Emigration Creek, Utah, October 12, 2005.

Summary and Conclusions

The U.S. Geological Survey, in cooperation with the
Salt Lake County Department of Public Works, Engineering
Division, carried out a mass-loading study in Emigration
Creek in northern Utah to identify locations of mass loading
for major ions, trace elements, nitrate, and E. coli. The study
was accomplished during low-flow conditions when inflows
from residential septic systems could most easily be identified.
Detailed indications of the loading profiles can help guide
planning for improved water quality in Emigration Creek.
The mass-loading study successfully indicated locations of
major ion, trace element, nitrate, and E. coli loading by using a
tracer injection for discharge estimates and synoptic sampling
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for spatially detailed concentrations profiles. Loading for
most constituents was greatest from Brigham Fork, followed
by Burr Fork. At the end of the study reach, loading was
substantial in the stream segment within a culvert where
discharge from Wagner Spring (and possibly other sources)

is added to the stream and also in the stream segment that
contains discharge from the Emigration Tunnel Spring. Lesser,
but relatively important amounts of loading were noted for
Freeze Creek, Maple Grove, and Blacksmith Hollow.

Dilution of the tracer indicated locations with the greatest
increases in stream discharge. Upstream from Rattlesnake
Point, the greatest increases of stream discharge occurred at
Burr Fork, Killyon Canyon, Brigham Fork, Maple Grove,
Blacksmith Hollow, and Freeze Creek. Increases at Maple
Grove, Blacksmith Hollow, and a fault area in Perkins Flat
were mostly from diffuse inflow to the stream. A substantial
amount of stream discharge was lost downstream from
Rattlesnake Point. Near the mouth of the canyon, discharge
increased substantially as a result of contributions from the
Emigration Tunnel Spring, Wagner Spring, and two unnamed
springs in the same area.

Downstream changes in chemical character and loading
correspond to several of these locations where stream
discharge increased, indicating which of the inflows had the
greatest effect on the stream. Geologic sources of solutes
are indicated by the loading of most major ions. The most
distinct increases from geologic sources occurred at Burr
Fork, Brigham Fork, Freeze Creek, Blacksmith Hollow, the
fault in Perkins Flat, Emigration Tunnel Spring, and Wagner
Spring (within the culvert). A gradual increase in major ion
loading occurred between Freeze Creek and Pioneer Gulch.
Anthropogenic sources of solutes are indicated by the loading
of particular trace elements, and two distinct patterns occurred.
Loading of lithium, which should only have anthropogenic
sources in Emigration Canyon, indicated that Burr Fork,
Brigham Fork, Maple Grove, Blacksmith Hollow, and the
Emigration Tunnel Spring were the greatest contributors. The
area of gradual increase between Freeze Creek and Pioneer
Gulch also contributed substantial loads of lithium. Higher
instream chromium concentration also indicated possible
anthropogenic sources from Burr Fork and between 8,440
and 8,663 m, downstream from Rattlesnake Point. The
loading pattern of manganese differed from that of lithium.
Some locations like Blacksmith Hollow and Burr Fork were
in common, but other locations were distinct for manganese
loading in Perkins Flat.

Loading of nitrate indicated multiple sources, but each
increase was followed by a decrease that likely occurred
through reactive uptake. The pattern of nitrate loading did not
correspond to the patterns of major ions or trace elements.
Variation of *°N was consistent, but not definitive with the
influence of septic sources of nitrogen. The greatest loading
of E. coli occurred in the downstream part of the study reach,
near Rattlesnake Point, but smaller loads also occurred in
Killyon Canyon, at Burr Fork, and in Perkins Flat. A gradual
increase in load occurred from Brigham Fork through Pioneer
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Gulch. These locations corresponded to some, but not all, of
the observed loading of nitrate.

Considering the detailed loading profiles of major ions,
trace elements, nitrate, and E. coli together helps indicate
many sources along the study reach. Loading of nitrate and E.
coli occurred independently from the loading of major ions
and most trace elements so it most likely does not represent
the well defined geologic inputs. However, no clear tie to
older septic systems was indicated by the results.
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Table 2. Concentration of major ions in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005.

[Distance, in meters downstream from beginning of study reach; Sample source: S, stream; RBI, right-bank inflow; LBI: left-bank inflow; QA, quality-assurance
blank; Filter: F, filtered, both acidified for metals and unacidified for anions; RA, unfiltered, acidified; pH, in standard units; all chemical concentrations reported
in milligrams per liter; <, less than; MDL, method detection limit]

Ei‘llit(; igm!: S;rrr;;‘)ele Filter ~ pH  Calcium Msa}gnme- Sodium  Potassium Qékgggl(t){ Sulfate  Chloride  Nitrate Silica
0 S 9:25 F 822 80.4 10.7 11.8 0.84 236 20.8 1.1 0.01 11.5
0 S 9:25 RA 80.5 105 11.8 .84 21.2 11.6
1 S 9:35 F 839 833 115 15.3 1.08 238 21.8 <.01 124
1 S 13:15 RA 834 813 11.2 15.2 1.05 217 12 12.2
133 S 9:40 F 8.38  80.8 115 23.6 114 238 21.3 16.3 .01 122
133 S 9:40 RA 82.4 11.8 23.4 1.13 215 12.2
314 S 9:47 F 8.48 821 11.5 24.1 1.15 238 215 16.7 .02 12.0
314 S 9:47 RA 80.5 11.3 23.9 1.18 21.6 11.9
375 RBI 9:55 F 8.48 958 21.8 42.0 .98 261 71.4 60.1 .02 10.6
375 RBI 9:55 RA 93.9 21.9 41.1 .99 70.3 10.2
426 S 10:00 F 8.45 938 19.3 39.8 114 257 56.1 50.6 <.01 11.4
426 S 10:00 RA 93.8 19.8 39.3 1.10 52.7 10.8
821 S 10:08 F 851 880 17.2 39.6 1.05 256 52.4 52.7 <.01 10.9
982 S 14:05 F 8.46 87.1 171 41.8 1.25 259 53.1 54.5 .04 1.1
982 S 14:05 RA 90.9 19.2 42.8 1.09 55.2 11.4
982 S 17:08 F 852 858 17.2 41.6 1.23 259 52.8 54.2 .04 11.0
1,297 S 10:24 F 853 914 19.2 42.8 115 259 55.5 54.2 <.01 1.1
1,297 S 10:24 RA 89.3 18.8 42.7 115 55.3 11.4
1,590 RBI 10:40 F 717 213 452 155 2.30 307 51.6 488 .36 12.9
1,590 RBI 10:40 RA 216 443 156 2.24 52.0 12.8
1,606 S 10:55 F 852 880 18.8 41.5 1.09 254 54.3 54.4 <.01 11.2
1,769 S 11:05 F 846 910 19.2 43.7 1.24 255 55.8 53.7 .02 11.0
1,769 S 11:05 RA 88.8 18.7 42.8 1.16 55.2 11.3
1,908 S 11:09 F 8.48 879 19.1 42.2 1.22 251 55.0 54.1 <.01 11.4
1,908 S 11:09 RA 90.7 20.0 43.3 1.07 49.9 10.1
2,083 S 11:17 F 8.48 88.2 19.1 43.5 1.23 252 55.6 54.1 .03 11.6
2,083 S 11:17 RA 90.0 18.9 43.4 1.29 55.8 L5
2,288 S 11:25 F 840 90.0 19.2 43.1 1.27 249 55.7 54.7 <.01 11.2
2,288 S 11:25 RA 87.2 18.6 42.7 1.23 54.6 11.2
2,500 S 11:30 F 8.49 873 18.9 43.2 1.25 247 54.8 55.8 04 114
2,500 S 11:30 RA 90.2 19.6 44.5 1.28 55.9 115
2,655 RBI 11:35 F 8.39 103 25.0 37.2 1.67 285 64.6 58.1 <.01 20.4
2,655 RBI 11:35 RA 102 24.2 36.7 1.67 64.1 20.3
2,719 S 11:40 F 835 903 18.8 49.4 133 258 55.4 70.3 <.01 12.2
2,719 S 11:40 RA 90.9 195 50.1 1.45 56.2 12.8
3,122 S 11:50 F 8.43 89.8 18.7 50.5 1.45 257 54.7 74.4 <.01 12.0
3,122 S 11:50 RA 88.1 18.1 48.9 141 53.2 11.8
3,122 S 14:12 F 8.35 90.7 19.6 50.5 1.34 253 55.3 73.1 <.01 12.3
3,122 S 17:15 F 8.43 89.0 18.4 50.3 1.47 251 53.8 73.6 <.01 12.0
3,122 S 17:15 RA 88.1 18.5 49.2 1.45 54.2 12.0
3,137 RBI 11:55 F 8.23 154 385 914 221 270 64.0 286 <.01 23.0
3,137 RBI 11:55 RA 157 37.5 93.1 2.22 64.3 23.0
3,250 S 12:08 F 8.43 935 20.4 52.8 1.42 255 56.0 79.6 .02 12.6
3,250 S 12:08 RA 94.7 19.8 52.7 1.49 56.7 12.8
3,250 S 12:10 F 844 96.2 20.9 53.8 1.54 256 57.7 80.7 .01 13.0
3,250 S 12:10 RA 9229 20.2 52.4 141 56.7 13.0
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Table 2.  Concentration of major ions in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005—Continued.
aDrljztt; igTrF::lg S%r;réle Filter  pH  Calcium M;ﬂrr:qe- Sodium  Potassium aASIkggg'g: Sulfate  Chloride  Nitrate  Silica
3,518 g 12:22 F 824 97.0 20.3 61.8 1.48 262 54.8 105 <.01 12.8
3,518 S 12:22 RA 96.6 20.8 62.5 1.43 54.8 125
3,781 S 12:30 RA 98.5 21.1 64.1 1.47 56.2 13.0
4,007 S 12:37 F 8.38 103 22.3 67.2 1.66 262 56.7 112 .01 13.3
4,007 S 12:37 RA 100 21.7 65.5 1.57 55.9 12.6
4,189 S 12:43 F 836 98.1 20.5 65.2 1.59 265 53.0 117 .03 12.6
4,189 S 12:43 RA 101 21.6 67.2 1.61 54.5 12.8
4,385 S 12:50 F 840 97.7 20.6 65.2 1.64 263 53.2 117 <.01 12.6
4,385 S 12:50 RA 100 21.8 67.6 1.60 54.8 12.2
4,614 S 12:56 F 8.46 101 21.3 69.9 1.53 265 54.8 120 .02 131
4,614 S 12:56 RA 103 22.0 70.2 1.64 55.7 13.2
4,805 S 13:00 F 8.41 103 22.6 72.2 1.71 264 55.9 123 .01 134
4,805 S 13:00 RA 102 22.3 69.7 1.73 55.2 12.9
4,820 LBI 13:10 F 838 79.8 24.2 22.9 1.59 295 26.2 21.9 A5 17.4
4,820 LBI 13:10 RA 87.7 24.8 24.2 2.23 27.2 29.9
5,112 S 13:20 F 8.19 112 240 74.0 1.73 268 55.6 138 .02 13.8
5,112 S 13:20 RA 110 23.4 73.7 1.70 56.0 13.9
5,409 S 13:28 F 8.24 107 23.0 72.2 1.89 271 53.4 139 .01 13.6
5,409 S 13:28 RA 112 23.4 74.3 1.85 55.5 14.0
5,554 g 13:37 F 8.10 112 24.6 77.1 1.89 276 54.8 137 .04 15.1
5,554 S 13:37 RA 108 23.9 74.7 1.74 53.4 14.6
5,852 S 13:48 F 8.24 116 24.9 79.8 1.93 280 55.1 145 .04 15.5
6,136 S 13:58 F 8.28 110 23.8 7.4 1.84 279 53.0 146 .02 15.1
6,136 S 13:58 RA 107 23.8 75.9 1.74 51.6 145
6,274 S 14:04 F 8.14 117 26.0 81.3 1.98 281 54.9 156 .08 15.7
6,449 S 14:13 F 8.10 119 26.8 85.7 211 287 55.6 164 16.0
6,449 S 14:13 RA 116 24.8 84.0 2.00 54.4 15.8
6,605 S 11:08 F 8.22 115 27.1 83.2 2.01 291 53.2 160 .06 154
6,605 S 17:22 F 8.29 113 26.4 81.7 1.95 294 52.4 160 .07 15.2
6,605 S 17:22 RA 117 25.1 85.4 1.97 54.7 15.8
6,794 S 14:30 F 8.18 118 27.4 84.6 2.06 292 55.2 166 .06 15.9
6,794 S 14:30 RA 116 26.9 83.8 1.97 53.8 15.3
6,939 S 14:40 F 8.19 120 27.3 86.2 2.13 292 55.2 167 .05 16.2
6,939 S 14:40 RA 118 254 84.2 1.98 55.2 15.9
7,119 S 14:50 F 8.27 118 26.4 85.9 2.07 293 54.6 166 .03 15.6
7,119 S 14:50 RA 117 25.6 84.2 2.04 54.0 155
7,284 S 14:58 F 8.29 120 27.1 85.0 2.04 295 54.2 167 .06 15.6
7,284 S 14:58 RA 118 25.4 85.6 2.01 55.2 15.6
7,464 S 15:07 F 8.33 118 26.4 85.7 1.98 289 55.1 167 .03 15.7
7,464 S 15:07 RA 121 27.4 87.2 2.14 55.3 16.1
7,651 S 15:13 F 8.36 118 27.2 86.8 2.13 272 54.7 166 .04 15.7
7,651 S 15:13 RA 116 25.4 85.3 1.99 55.0 154
7,651 S 15:15 F 8.39 117 27.0 85.6 2.03 284 55.4 166 .04 155
7,651 S 15:15 RA 117 27.5 85.5 2.18 55.3 15.8
7,931 S 15:22 F 8.41 118 27.7 86.8 2.18 270 55.8 162 .02 15.8
8,092 S 15:32 F 8.46 114 25.1 86.3 2.08 261 55.2 163 .04 15.3
8,092 S 15:32 RA 116 27.4 86.0 2.16 55.2 15.8
8,440 S 15:42 F 845 114 27.4 86.8 2.25 270 55.2 163 .04 154
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Table 2.  Concentration of major ions in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005—Continued.
Er'::t‘; ngch):E S%rrw;le Filter ~ pH  Calcium M;gr;qe- Sodium  Potassium Q‘Slkggg'gz Sulfate  Chloride  Nitrate Silica
8,663 S 15:49 F 8.45 111 27.4 87.1 2.29 266 55.0 162 .01 155
8,904 S 15:58 F 8.39 108 27.1 85.6 2.19 266 54.8 162 02 154
8,904 S 15:58 RA 108 26.8 85.0 221 54.8 15.5
9,065 S 16:13 F 8.44 107 27.1 85.6 2.37 262 55.0 163 .06 15.6
9,065 S 16:13 RA 106 26.9 84.0 2.15 54.5 15.1
9,298 S 16:23 F 8.28 102 26.7 83.1 2.15 259 53.9 163 .03 15.0
9,563 S 16:32 F 8.23 100 27.4 85.9 231 246 55.2 163. <.01 154
9,563 S 16:32 RA 100 275 854 2.19 54.6 15.3
9,772 S 16:40 F 822 959 25.1 86.0 2.06 245 54.3 165 .01 15.2
9,772 S 16:40 RA 96.5 27.1 85.0 2.14 54.2 15.1

10,024 S 16:48 F 8.26 932 26.8 85.7 217 234 54.6 165 .01 15.2

10,024 S 16:48 RA 91.8 25.7 84.3 2.10 53.8 15.0

10,160 S 16:58 F 835 937 26.1 86.8 2.23 288 55.1 164 .04 154

10,160 S 16:58 RA 92.3 27.1 85.6 2.20 54.7 155

10,175 LBI 17:00 F 7.52 142 35.8 33.6 1.75 248 195 79.5 .33 154

10,175 LBI 17:00 RA 139 35.9 329 1.64 195 154

10,352 S 17:08 F 835 932 27.6 85.0 2.18 230 57.5 164 <.01 15.2

10,352 S 17:10 F 834 94.0 26.3 84.7 2.08 229 56.6 164 .01 15.3

10,352 S 17:10 RA 93.6 27.8 86.7 2.27 57.8 154

10,541 RBI 17:20 F 8.30 819 24.2 151 .99 227 77.2 194 A2 14.0

10,541 RBI 17:20 RA 79.8 225 14.7 .90 75.7 13.6

10,626 S 17:32 F 8.01 110 28.2 56.0 1.81 245 102 114 .16 14.4

10,626 S 17:32 RA 110 27.6 57.5 1.67 103 14.6

10,633 RBI 17:35 F 7.53 102 27.4 254 1.34 282 84.1 34.27 .10 16.2

10,883 LBI 17:50 F 7.34 162 38.4 72.9 1.90 266 190 175 .83 15.6

10,883 LBI 17:50 RA 175 40.4 75.6 2.57 195 28.2

10,910 S 17:56 F 8.06 113 271.2 57.2 1.79 251 104 114 A2 14.6

10,910 S 17:56 RA 155 30.1 59.2 3.38 111 46.1

11,174 S 18:00 F 8.23 114 27.7 58.0 1.79 254 107 115 .16 14.9

11,174 S 18:00 RA 128 29.6 58.7 2.45 107 29.8

QA 15:00 F <MDL <MDL <MDL <MDL 3.84 <MDL <MDL <.01 <MDL
QA 15:00 RA <MDL <MDL <MDL <MDL <MDL <MDL
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Table 3. Concentration of trace elements in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005.

[Distance, in meters downstream from beginning of study reach; Sample source: S, stream; RBI, right-bank inflow; LBI, |eft-bank inflow; QA, quality-assurance
blank; Filter: FA, filtered, acidified; RA, unfiltered, acidified; concentrations reported in micrograms per liter; <, less than]

Distance 23&‘3: Filter Time Aluminum  Arsenic Barium  Cadmium Cobalt ~ Chromium  Copper Iron Lead

0 S FA 9:25 10.7 0.54 61.7 <0.019 0.022 0.043 0.259 8.68 0.046

0 S RA 9:25 21.7 .52 61.1 <.019 .024 .056 224 16.2 .042

1 S FA 9:35 141 .61 67.1 <.019 .024 .029 299 11.6 .032

1 S RA 13:15 21.1 .56 68.6 <.019 .026 .037 228 215 .044

133 S FA 9:40 10.2 .56 67.2 <.019 .023 .026 .250 10.8 .042
133 S RA 9:40 26.5 .60 66.8 <.019 .028 .046 .249 26.9 .061
314 S FA 9:47 12.2 .66 66.2 <.019 .027 .026 .256 9.60 .030
314 S RA 9:47 32.1 .66 65.6 <.019 .036 .056 .284 30.8 .078
375 RBI FA 9:55 11.5 .65 82.3 <.019 .035 .236 .330 13.1 .028
375 RBI RA 9:55 32.0 .66 83.1 <.019 .045 .287 379 39.5 .075
426 S FA 10:00 29.3 12 80.7 <.019 .032 .202 .594 135 .066
426 S RA 10:00 27.9 .69 79.4 <.019 .041 .206 337 355 .064
821 S FA 10:08 144 .67 76.6 <.019 .032 .163 .355 12.9 .030
982 S FA 14:05 18.7 .67 79.2 <.019 .036 172 .390 13.6 .036
982 S RA 14:05 19.8 72 78.6 <.019 .040 .188 401 27.1 .049
982 S FA 17:08 15.5 12 81.5 <.019 .034 .366 397 14.0 .030
1,297 S FA 10:24 34.2 71 81.8 <.019 .034 .188 .368 11.3 .057
1,297 S RA 10:24 211 .67 78.6 <.019 .039 77 333 28.6 .069
1,590 RBI FA 10:40 11.2 3.94 396 <.019 .044 098 14.2 285 .034
1,590 RBI RA 10:40 14.7 2.08 376 <.019 .041 234 16.7 146 .079
1,606 S FA 10:55 16.1 .69 80.2 <.019 .033 .186 .367 9.24 .035
1,769 S FA 11:05 11.9 .67 78.4 <.019 .033 .169 400 8.71 .032
1,769 S RA 11:05 25.0 .67 77.8 <.019 .035 173 354 21.3 .051
1,908 S FA 11:09 16.1 .67 77.8 <.019 .029 .164 .369 8.48 .043
1,908 S RA 11:09 234 .73 77.5 <.019 .034 183 .355 211 .060
2,083 S FA 11:17 18.6 .65 78.9 <.019 .031 .160 438 9.11 .054
2,083 S RA 11:17 234 a7 78.6 <.019 .034 191 374 19.7 .058
2,288 S FA 11:25 12.9 .64 77.8 <.019 .030 .169 429 12.0 .051
2,288 S RA 11:25 23.9 71 77.9 <.019 .034 183 381 19.0 .054
2,500 S FA 11:30 10.7 71 78.4 <.019 .030 162 413 6.44 .037
2,500 S RA 11:30 26.0 12 79.2 <.019 .038 194 408 20.1 .057
2,655 RBI FA 11:35 16.6 123 125 <.019 .049 .027 301 5.98 .038
2,655 RBI RA 11:35 57.6 129 124 <.019 .068 .070 292 41.7 .069
2,719 S FA 11:40 17.9 .83 90.7 <.019 .041 159 481 7.04 .044
2,719 S RA 11:40 5,840 .78 87.6 <.019 .047 A77 453 26.2 .066
3,122 S FA 11:50 13.9 .79 86.8 <.019 .036 .163 490 9.80 .041
3,122 S RA 11:50 30.0 .76 86.8 <.019 .043 167 465 23.2 .073
3,122 S FA 14:12 142 .79 88.5 <.019 .038 147 517 6.50 .040
3,122 S FA 17:15 141 .73 86.8 <.019 .035 341 533 8.06 .041
3,122 S RA 17:15 26.6 .80 88.1 <.019 .041 423 489 19.2 .063
3,137 RBI FA 11:55 134 138 232 <.019 116 .037 425 7.31 .043
3,137 RBI RA 11:55 31.2 138 234 <.019 JA21 .086 408 23.3 .073
3,250 S FA 12:08 3.75 .83 92.8 <.019 .038 129 452 10.1 .027
3,250 S RA 12:08 37.0 .76 91.6 <.019 .054 181 478 32.3 .100
3,250 S FA 12:10 592 .82 95.2 <.019 .045 153 495 7.73 .041
3,250 S RA 12:10 34.9 12 92.1 <.019 .050 .162 451 28.3 .082
3,518 S FA 12:22 11.0 .82 103 <.019 .049 .149 491 12.9 .048
3,518 S RA 12:22 27.6 .82 102 <.019 .057 .159 470 33.0 .072
3,781 S FA 12:30 141 .85 99.9 <.019 .045 123 483 13.0 .038
3,781 S RA 12:30 26.1 .86 103 <.019 .055 .160 498 27.3 .079
4,007 S FA 12:37 14.2 .90 106 <.019 .050 146 .542 15.8 .041
4,007 S RA 12:37 26.5 .81 106 <.019 .056 .163 472 314 .068
4,189 S FA 12:43 13.7 92 109 <.019 .052 124 477 185 .040
4,189 S RA 12:43 26.8 79 109 <.019 .058 156 .486 39.3 .073
4,385 S FA 12:50 14.0 .85 109 <.019 .055 127 .564 18.3 .035
4,385 S RA 12:50 26.2 .90 108 <.019 .059 .160 .500 67.3 .060
4,614 S FA 12:56 12.8 93 115 <.019 .052 121 .548 16.7 .038
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Table 3.  Concentration of trace elements in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005—Continued.
. Sample . ] o Manga-  Molybde- . . . . . .
Distance sourpce Filter Time Lithium nesge nﬁm Nickel Silver Strontium  Uranium  Vanadium Zinc
0 S FA 9:25 5.80 8.07 <0.177 0.169 <0.022 302 0.430 0.678 1.06
0 S RA 9:25 5.36 8.75 .183 101 <022 303 441 .688 .687
1 S FA 9:35 6.98 7.74 765 149 .033 317 451 132 .783
1 S RA 13:15 6.66 8.10 <177 116 <.022 313 460 129 715
133 S FA 9:40 6.82 9.83 <177 129 <022 314 464 .653 1.28
133 S RA 9:40 6.74 10.7 <177 131 <.022 311 458 .670 1.11
314 S FA 9:47 7.40 6.80 <177 150 <.022 322 453 .655 .383
314 S RA 9:47 6.98 8.48 <177 .149 <.022 317 447 .691 1.37
375 RBI FA 9:55 7.11 10.1 210 .185 <.022 491 .833 927 375
375 RBI RA 9:55 7.07 11.0 .306 .207 <.022 517 .839 1.02 1.37
426 S FA 10:00 7.46 13.1 .188 161 <022 457 745 .898 .896
426 S RA 10:00 7.59 135 .216 184 <.022 434 122 925 .987
821 S FA 10:08 7.45 14.4 191 159 <.022 419 .687 .832 .200
982 S FA 14:05 8.06 15.6 .294 198 <022 437 714 .928 1.17
982 S RA 14:05 7.88 16.7 .303 182 <.022 438 .673 944 1.22
982 S FA 17:08 8.00 15.2 .308 216 <.022 435 712 .968 475
1,297 S FA 10:24 8.02 11.6 .239 299  <.022 457 711 .866 .385
1,297 S RA 10:24 7.76 11.9 .296 193 <.022 437 728 .854 .653
1,590 RBI FA 10:40 38.7 2.38 <177 .369 <.022 1,100 2.16 2.84 2.88
1,590 RBI RA 10:40 37.0 1.65 <177 357  <.022 1,060 2.09 2.93 251
1,606 S FA 10:55 8.16 7.09 447 201 <022 450 717 .885 791
1,769 S FA 11:05 8.21 6.05 291 212 <.022 445 713 .873 122
1,769 S RA 11:05 7.76 6.54 .282 181 <022 434 722 .863 .618
1,908 S FA 11:09 7.71 4.39 .223 189 <.022 426 712 .818 471
1,908 S RA 11:09 7.64 4.73 .270 .190 <.022 435 742 .856 .599
2,083 S FA 11:17 7.87 3.52 .235 217 <022 426 729 .846 .310
2,083 S RA 11:17 7.78 3.70 319 192 <.022 443 733 .858 .935
2,288 S FA 11:25 7.69 2.94 231 211 <.022 431 124 .846 .532
2,288 S RA 11:25 7.83 3.38 .281 201 <022 437 707 .852 .823
2,500 S FA 11:30 7.89 2.25 .290 194 <.022 436 .730 .866 310
2,500 S RA 11:30 8.12 2.74 322 192 <.022 442 .736 .881 1.07
2,655 RBI FA 11:35 14.7 5.45 <177 .295 <.022 688 .853 915 403
2,655 RBI RA 11:35 145 6.41 217 .307 <.022 710 .862 1.02 .834
2,719 S FA 11:40 9.69 2.65 .340 .238 <.022 500 .790 .992 370
2,719 S RA 11:40 9.07 3.50 .292 225 <022 474 .780 972 1.84
3,122 S FA 11:50 9.53 1.56 .310 260 <.022 485 .769 .975 275
3,122 S RA 11:50 9.37 231 .302 194 <.022 473 176 .993 .809
3,122 S FA 14:12 9.40 1.67 31 240  <.022 484 781 .988 .394
3,122 S FA 17:15 9.20 1.57 313 191 <.022 467 746 1.01 .302
3,122 S RA 17:15 9.31 2.08 .322 .208 <.022 472 .766 1.06 .666
3,137 RBI FA 11:55 25.0 11.1 241 875 <022 1,130 1.46 1.34 372
3,137 RBI RA 11:55 254 12.2 .260 877 <022 1,140 1.39 1.40 1.18
3,250 S FA 12:08 9.61 245 277 .246 <.022 496 .756 1.00 274
3,250 S RA 12:08 9.39 331 316 240 <022 505 817 1.05 .901
3,250 S FA 12:10 10.1 3.17 332 .258 <.022 520 .819 1.01 .364
3,250 S RA 12:10 9.43 3.59 .296 245 -<.022 482 .786 .995 .790
3,518 S FA 12:22 11.0 5.02 .284 281  <.022 523 821 1.07 3.88
3,518 S RA 12:22 11.0 6.15 .347 .261 <.022 530 .806 1.10 1.20
3,781 S FA 12:30 10.6 4.71 .258 232 <.022 505 .803 1.03 .688
3,781 S RA 12:30 11.0 5.18 1.10 269  <.022 533 .839 1.08 1.21
4,007 S FA 12:37 11.4 5.18 .260 .258 <.022 534 .839 1.09 2.87
4,007 S RA 12:37 10.8 5.54 415 271 <.022 527 .828 111 977
4,189 S FA 12:43 11.8 8.04 .289 276 <.022 536 .836 1.07 311
4,189 S RA 12:43 11.5 8.65 .333 272 <.022 552 .847 1.13 .996
4,385 S FA 12:50 125 7.18 .395 .300 <.022 570 .810 1.12 450
4,385 S RA 12:50 12.2 8.90 .368 290 <.022 560 770 1.15 .820
4,614 S FA 12:56 125 6.68 372 301 <.022 575 .868 1.13 423
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Table 3. Concentration of trace elements in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005—Continued.
Distance igmee Filter Time Aluminum  Arsenic Barium  Cadmium Cobalt ~ Chromium  Copper Iron Lead
4,614 S RA 12:56 26.0 .82 110 <.019 .056 147 479 35.1 .070
4,805 S FA 13:00 16.4 91 115 <.019 .055 132 512 24.3 .040
4,805 S RA 13:00 25.2 83 114 <.019 .060 141 .520 44.8 .065
4,820 LBI FA 13:10 13.3 59 167 <.019 .033 .058 .598 131 125
4,820 LBI RA 13:10 2,260 132 209 A1 1.66 3.34 24.3 2,540 18.0
5,112 S FA 13:20 154 97 130 <.019 .065 104 535 245 .036
5,112 S RA 13:20 25.9 .80 124 <.019 .069 128 479 55.0 .066
5,409 S FA 13:28 14.0 92 131 <.019 .063 110 .554 20.7 .037
5,409 S RA 13:28 23.9 94 125 <.019 .066 .138 515 43.4 .064
5,554 S FA 13:37 14.9 94 143 <.019 .059 103 .536 16.9 .036
5,554 S RA 13:37 233 .90 138 <.019 .063 125 514 40.9 .068
5,852 S FA 13:48 14.2 1.00 147 <.019 .060 115 .590 15.3 .040
6,136 S FA 13:58 145 .84 146 <.019 .059 102 .588 13.9 .041
6,136 S RA 13:58 20.7 .89 148 <.019 .062 127 .569 311 .060
6,274 S FA 14:04 16.4 1.04 155 <.019 .059 111 .637 13.0 .044
6,449 S FA 14:13 17.9 112 158 <.019 .058 .095 .592 13.2 .041
6,449 S RA 14:13 22.6 .81 157 <.019 .062 120 .535 334 .082
6,605 S FA 11:08 18.5 .99 160 <.019 .064 101 .631 36.3 .055
6,605 S FA 17:22 15.0 91 159 <.019 .060 .230 571 16.4 .037
6,605 S RA 17:22 22.9 .93 160 <.019 .065 .347 574 36.6 .063
6,794 S FA 14:30 17.2 143 163 <.019 071 .091 .621 26.5 .044
6,794 S RA 14:30 33.7 95 160 <.019 .085 134 .601 79.1 .099
6,939 S FA 14:40 155 94 157 <.019 .072 .092 .578 26.8 .052
6,939 S RA 14:40 30.6 .92 169 <.019 .080 131 .564 83.9 .093
7,119 S FA 14:50 14.7 1.01 160 <.019 .069 .106 572 21.9 .041
7,119 S RA 14:50 28.2 94 162 <.019 .076 107 .586 73.1 .080
7,284 S FA 14:58 16.0 94 167 <.019 .068 .091 .553 20.1 .041
7,284 S RA 14:58 23.9 92 162 <.019 .070 112 .542 65.2 071
7,464 S FA 15:07 14.3 92 164 <.019 .069 120 .612 29.6 .035
7,464 S RA 15:07 20.6 92 164 <.019 071 .097 571 58.0 .054
7,651 S FA 15:13 14.8 .87 162 <.019 .061 .098 .599 15.7 .071
7,651 S RA 15:13 25.7 96 160 <.019 .067 .106 .530 49.0 .064
7,651 S FA 15:15 13.7 91 163 <.019 .061 .092 .554 13.9 .034
7,651 S RA 15:15 23.7 90 161 <.019 .066 .093 521 50.0 .059
7,931 S FA 15:22 16.8 99 162 <.019 .062 .086 .669 14.3 .055
8,092 S FA 15:32 13.8 1.08 158 <.019 .064 .092 .621 14.3 .035
8,092 S RA 15:32 22.6 .96 161 <.019 .067 .097 .535 428 .059
8,440 S FA 15:42 141 91 155 <.019 .057 .083 .619 14.0 .042
8,663 S FA 15:49 14.9 .89 158 -<.019 .058 .303 .613 12.5 .074
8,904 S FA 15:58 15.7 1.06 153 <.019 .056 .236 .559 11.1 .033
8,904 S RA 15:58 20.5 .97 150 <.019 .056 .260 551 28.9 .049
9,065 S FA 16:13 12.9 1.01 150 <.019 .054 .266 501 8.58 .039
9,065 S RA 16:13 21.4 92 152 <.019 .061 313 .603 29.5 .058
9,298 S FA 16:23 13.2 .87 152 <.019 .054 257 .568 7.27 .038
9,563 S FA 16:32 145 .88 150 <.019 .051 276 .581 9.23 .032
9,563 S RA 16:32 15.3 87 145 <.019 .052 .283 .538 174 .036
9,772 S FA 16:40 16.0 1.00 146 <.019 .052 .256 .654 5.46 .051
9,772 S RA 16:40 39.8 86 144 <.019 .066 .346 .582 374 .089
10,024 S FA 16:48 144 1.13 142 <.019 .052 .292 .561 4.93 .038
10,024 S RA 16:48 23.1 72 140 <.019 .054 324 .548 20.7 .054
10,160 S FA 16:58 17.8 98 143 <.019 .053 .074 .562 5.73 .036
10,160 S RA 16:58 19.9 .88 142 <.019 .058 .300 .558 16.9 .043
10,175 LBI FA 17:00 14.2 .34 45.0 <.019 .027 229 176 8.27 .360
10,175 LBI RA 17:00 11.6 49 42.6 <.019 .025 .347 104 <10.48 .383
10,352 S FA 17:08 17.7 .87 135 <.019 .048 .297 .550 3.94 .040
10,352 S FA 17:10 255 78 137 <.019 .052 416 .928 10.7 333
10,352 S RA 17:10 65.4 .85 140 <.019 .054 .236 611 134 .082
10,541 RBI FA 17:20 12.9 A7 46.5 -<.019 .009 .250 129 <10.48 .025
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Table 3.  Concentration of trace elements in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005—Continued.

. Sample ; ) - Manga-  Molybde- . . . . . .
Distance sourpce Filter Time Lithium nesge nﬁm Nickel Silver Strontium  Uranium  Vanadium Zinc
4,614 S RA 12:56 115 7.28 .348 .284 <.022 548 .842 1.13 .929
4,805 S FA 13:00 12.3 7.61 310 .303 <.022 564 .867 1.09 1.20
4,805 S RA 13:00 12.5 7.82 .406 .284 <.022 550 .853 1.13 .610
4,820 LBI FA 13:10 10.5 <10.35 <177 129 <.022 680 .662 2.18 315
4,820 LBI RA 13:10 13.2 50.4 1.06 243 .075 695 .698 5.96 26.9
5,112 S FA 13:20 134 12.8 .303 .270 <.022 611 .909 1.16 3.55
5,112 S RA 13:20 12.4 14.0 .347 314 <.022 571 .861 1.15 1.14
5,409 S FA 13:28 14.2 8.73 .469 313 <.022 618 .898 1.26 726
5,409 S RA 13:28 12.8 9.93 371 .296 <.022 593 .880 1.24 1.30
5,554 S FA 13:37 14.3 7.21 .396 .292 <.022 635 .922 1.54 1.19
5,554 S RA 13:37 13.1 8.70 419 .286 <.022 606 .896 151 1.26
5,852 S FA 13:48 13.7 5.89 .392 331 <.022 605 .944 1.53 4.60
6,136 S FA 13:58 14.2 4.03 .456 .328 <.022 634 .963 1.58 .952
6,136 S RA 13:58 135 4.13 494 .299 <.022 611 .938 1.59 1.06
6,274 S FA 14:04 15.2 3.28 439 .269 <.022 720 971 1.69 2.44
6,449 S FA 14:13 155 6.99 .393 .556 <.022 773 .993 1.69 3.62
6,449 S RA 14:13 14.5 7.12 .489 .320 <.022 736 .942 1.69 .989
6,605 S FA 11:08 16.0 8.68 .459 377 <.022 790 .959 1.61 1.04
6,605 S FA 17:22 15.7 8.13 461 .348 <.022 774 .949 1.68 1.92
6,605 S RA 17:22 14.8 9.16 .815 322 <.022 791 .983 1.73 1.18
6,794 S FA 14:30 15.9 19.5 .387 .327 <.022 794 979 1.63 2.88
6,794 S RA 14:30 154 20.5 .458 341 <.022 781 .962 1.67 .900
6,939 S FA 14:40 15.2 21.9 517 .293 <.022 174 .968 1.55 3.19
6,939 S RA 14:40 15.2 235 .639 .356 <.022 801 .949 1.70 .702
7,119 S FA 14:50 15.7 194 AT75 .330 <.022 789 .985 1.54 2.31
7,119 S RA 14:50 15.3 20.8 A74 332 <.022 801 973 1.67 3.00
7,284 S FA 14:58 16.1 16.9 449 .296 <.022 822 .999 1.62 7.01
7,284 S RA 14:58 15.7 18.0 A73 315 <.022 786 .966 1.62 2.35
7,464 S FA 15:07 15.9 14.6 415 .370 <.022 808 .950 1.57 .700
7,464 S RA 15:07 15.9 15.5 423 313 <.022 819 977 1.65 2.09
7,651 S FA 15:13 15.8 10.5 444 332 <.022 807 977 1.52 3.72
7,651 S RA 15:13 15.6 11.1 482 .326 <.022 796 974 1.53 2.43
7,651 S FA 15:15 16.0 10.7 428 .339 <.022 816 .975 1.53 1.17
7,651 S RA 15:15 15.8 11.0 414 315 <.022 811 .967 1.56 1.63
7,931 S FA 15:22 16.4 8.70 434 .336 <.022 811 .966 151 2.25
8,092 S FA 15:32 159 7.72 443 .549 <.022 806 974 151 1.47
8,092 S RA 15:32 15.8 8.10 414 .303 <.022 810 .979 1.56 1.30
8,440 S FA 15:42 15.7 4,99 430 321 <.022 789 978 1.52 2.63
8,663 S FA 15:49 15.8 3.32 .408 .335 <.022 795 961 1.49 .598
8,904 S FA 15:58 16.2 1.77 447 322 <.022 781 .943 1.50 .733
8,904 S RA 15:58 15.9 2.42 .637 .299 <.022 769 .952 1.48 .648
9,065 S FA 16:13 15.6 1.35 .609 .382 <.022 785 .968 151 .505
9,065 S RA 16:13 16.3 1.72 513 317 <.022 782 .928 151 .654
9,298 S FA 16:23 15.8 <10.35 433 333 <.022 789 .962 1.52 .935
9,563 S FA 16:32 15.3 <10.35 407 .357 <.022 772 .954 1.47 487
9,563 S RA 16:32 15.6 <10.35 1.09 .304 .025 764 .929 1.50 .403
9,772 S FA 16:40 16.0 <10.35 433 341 <.022 778 .936 1.50 2.40
9,772 S RA 16:40 15.8 1.60 412 311 <.022 756 .939 1.55 487
10,024 S FA 16:48 15.8 <10.35 457 .309 <.022 766 .942 1.52 1.52
10,024 S RA 16:48 15.9 <10.35 430 .305 <.022 740 918 151 379
10,160 S FA 16:58 16.1 <10.35 442 276 <.022 762 .937 151 1.35
10,160 S RA 16:58 16.7 <10.35 .449 .303 <.022 769 921 152 437
10,175 LBI FA 17:00 14.0 <10.35 .248 513 <.022 2,060 .486 .623 2.48
10,175 LBI RA 17:00 13.3 <10.35 .296 221 <.022 1,980 492 .592 1.69
10,352 S FA 17:08 14.9 <10.35 425 .303 <.022 733 .907 1.40 2.43
10,352 S FA 17:10 15.8 <10.35 431 317 <.022 773 .892 1.49 1.10
10,352 S RA 17:10 15.7 <10.35 .408 312 <.022 790 .935 1.54 .384
10,541 RBI FA 17:20 851 <10.35 <177 .206 <.022 868 .393 .538 .597
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Table 3. Concentration of trace elements in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005—Continued.
Distance igTrch Filter Time Aluminum  Arsenic Barium  Cadmium Cobalt ~ Chromium  Copper Iron Lead
10,541 RBI RA 17:20 22.4 .18 45.4 <.019 .014 .268 111 10.3 .047
10,626 S FA 17:32 14.0 .67  99.7 <.019 .039 .324 .862 9.40 .039
10,626 S RA 17:32 31.0 49 85.9 -<.019 .044 911 .387 28.3 .085
10,633 RBI FA 17:35 135 .16 52.5 <.019 .051 .188 139 10.5 .035
10,883 LBI FA 17:50 15.3 1.34 432 <.019 .081 .309 .093  36.6 .040
10,883 LBI RA 17:50 2,560 1.38 70.7 A2 1.17 2.79 3.97 2,160 5.84
10,910 S FA 17:56 20.6 .80 97.1 -<.019 .538 .202 .260 114 .048
10,910 S RA 17:56 6,370 272 180 .29 3.34 6.21 11.3 5,780 14.3
11,174 S FA 18:00 18.8 J7 945 -<.019 739 .245 .266 8.28 .057
11,174 S RA 18:00 2,790 169 130 14 1.42 3.07 495 2,620 6.14

QA FA 15:00 14.7 -<.03 <.058 <.019 <.006 .180 .068 <10.48 .025
QA RA 15:00 13.1 <.03 <.058 .02 <.006 .207 173 <10.48 .036
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Table 3.  Concentration of trace elements in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005—Continued.

Sample

Manga-

Molybde-

Distance ' o Filter Time Lithium nese num Nickel Silver  Strontium  Uranium  Vanadium Zinc
10,541 RBI RA 17:20 8.58 <10.35 .188 178 <.022 847 .390 .552 197
10,626 S FA 17:32 165 <10.35 1.29 .310 <.022 1,370 .888 1.35 2.64
10,626 S RA 17:32 14.1 1.98 1.07 192 <.022 1,160 .755 1.16 1.05
10,633 RBI FA 17:35 143 2.24 310 .186 <022 973 .633 .654 2.40
10,883 LBI FA 17:50 20.7 23.4 430 223 <.022 1,920 S5 121 1.28
10,883 LBI RA 17:50 24.4 73.9 237 2.32 <.022 1,980 1.06 5.05 13.8
10,910 S FA 17:56 14.7 98.6 112 371 <.022 1,180 763 1.55 .540
10,910 S RA 17:56 21.9 249 486  6.52 .039 1,200 977 11.6 39.6
11,174 S FA 18:00 14.7 83.2 113 .336 <.022 1,180 767 1.64 813
11,174 S RA 18:00 18.3 137 811 2.97 217 1,210 .887 5.95 18.1
QA FA 15:00 <.143 <10.35 -<.177 .044 <022 <1035 -<.002 .002 .996
QA RA 15:00 <.143 <10.35 -<.177 .030 <022 <10.35 <.002 .002 574







B.A. Kimball and others—Principal Locations of Major-lon, Trace-Element, Nitrate, and Escherichia coli Loading to Emigration Creek, Salt Lake
County, Utah, October 2005—SIR 2008-5043




	Front cover
	Title page
	Abstract
	Introduction
	Purpose and Scope
	Description of Study Area
	Acknowledgments

	Methods and Approach
	Tracer Injections and Stream Discharge
	Synoptic Sampling and Analytical Methods
	Constituent Loads
	Cluster Analysis

	Field-Scale Experiment
	Discharge
	Chemical Characterization of Synoptic Samples
	Major Ions
	Trace Elements
	Nitrate, Nitrogen Isotopes, and E. coli


	Quantification of Mass Loading
	Loading Pattern of Major Ions and Selected Trace Elements
	Loading Pattern of Sulfate
	Loading Patterns of Nitrate and E. coli

	Summary and Conclusions
	References Cited
	Figure 1. Location of sampling sites along the study reach in Emigration Creek, Utah.
	Figure 2. Photographs of settings along Emigration Creek in northern Utah showing (a) new home construction in the upper reaches of Brigham Fork, (b) old home along the stream, (c) new construction near the stream, (d) drained reservoir area where construction activity on the day of synoptic sampling affected samples, and (e) Perkins Flat area.
	Figure 3. Variation of bromide concentration with time at transport sites, Emigration Canyon, Utah.
	Figure 4. Variation of bromide concentration and estimated discharge with distance along the study reach, Emigration Creek, Utah.
	Figure 5. Variation of (a) calcium and (b) alkalinity concentration, (c) sodium to chloride mole ratio, and (d) sulfate concentration with distance along the study reach, Emigration Creek, Utah.
	Figure 6. Variation of concentration of (a) lithium, (b) strontium, (c) manganese, (d) and chromium with distance along the study reach, Emigration Creek, Utah, October 12, 2005.
	Figure 7. Variation of (a) nitrate concentration and (b) δ15 N ratio with distance along the study reach, Emigration Creek, Utah, October 12, 2005.
	Figure 8. Variation of (a) E. coli and (b) total coliform concentration with distance along the study reach, Emigration Creek, Utah, October 12, 2005.
	Figure 9. Variation of normalized cumulative instream load with distance along the study reach for (a) calcium, magnesium, sodium, potassium, alkalinity, chloride, silica, and barium, (b) sulfate, chromium, copper, lithium, and strontium, and (c) aluminum, iron, and manganese, Emigration Creek, Utah, October 12, 2005. 
	Figure 10. Variation of (a) dissolved and colloidal calcium load and (b) change in calcium load for individual stream segments with distance along the study reach, Emigration Creek, Utah, October 12, 2005.
	Figure 11. Variation of (a) dissolved and colloidal lithium load and (b) change in total lithium load for individual stream segments with distance along the study reach, Emigration Creek, Utah, October 12, 2005.
	Figure 12. Variation of (a) dissolved and colloidal manganese load and (b) change in manganese load for individual stream segments with distance along the study reach, Emigration Creek, Utah, October 12, 2005.
	Figure 13. Variation of (a) sulfate load and (b) change in sulfate load for individual stream segments with distance along the study reach, Emigration Creek, Utah, October 12, 2005.
	Figure 14. Variation of (a) nitrate (as N) load and (b) change in nitrate load for individual stream segments with distance along the study reach, Emigration Creek, Utah, October 12, 2005.
	Figure 15. Variation of (a) E. coli load and (b) change in E. coli load for individual stream segments with distance along the study reach, Emigration Creek, Utah, October 12, 2005.
	Table 1. Characteristics of synoptic sampling sites, Emigration Creek, Utah, October 12, 2005.
	Table 2. Concentration of major ions in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005.
	Table 3. Concentration of trace elements in stream and inflow samples collected from Emigration Creek, Utah, October 12, 2005—Continued.
	Table 4. Precision and method detection limits for chemical analyses.
	Table 5. Median filtered concentrations of constituents in stream and inflow groups defined by cluster analysis, Emigration Creek, Utah.

